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Abstract 
 To tell twelve hour time on analogue and digital clocks, children who have 
learning difficulties (LD) must develop and coordinate knowledge, procedures, and 
strategies involving mathematics, mundane time expressions and clock 
representations. Domain specific knowledge (Mathematics) required to tell time 
includes competency with Number (e.g. fractions, arithmetic, and number) and 
Measurement (e.g. measure and record time). While many primary school aged 
children achieve proficiency telling the time by the middle years, there are a substantial 
number (including children who have LD) who continue to struggle with the complex 
conceptual and procedural demands required to perform this life skill.   
 An intrinsic case study design was used to explore the personal experience in 
telling time of nine Year 4 children who have LD. A Constructivist framework for 
teaching Mathematics was employed to provide authentic, interactive, and 
collaborative opportunities so that the participants could demonstrate and describe 
their knowledge, procedures, and strategies used to tell half past, quarter past, and 
quarter to times. Documented observations and field notes recorded during the four 
assessment activity sessions provided initial data followed by a one-to-one semi-
structured interview with each participant.  
 This study illustrated the connections between components of telling half past, 
quarter past, and quarter to hour time and domain specific knowledge (Mathematics), 
mundane time expressions and clock representations made by Year 4 children who 
have LD. These key components were then used to create a web that demonstrates the 
complexity of telling the time. The overall findings of this intrinsic case study showed 
the predominant use of knowledge linked to number and arithmetic only and that these 
nine Year 4 children who have LD do not make strong links to fraction knowledge 
when telling the time. This study argued that children who have LD come to develop 
a deep understanding of the knowledge, processes, and strategies required to tell the 
time when they select and use fraction knowledge. 
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Glossary of Key Terms 
Term Definition 
Absolute time 
system 
The expression involves precise naming of hours and minutes in 
absolute form (Williams, 2012). 
 
Example 
Children comprehend and use absolute time expressions such as:  
“Six thirty”; 
“Three fifteen”; 
“Twelve forty-five”; 
to describe 12-hour time. 
 
Arithmetic Addition, subtraction, multiplication, or division/partitioning 
required to calculate and record 12-hour time (Andersson, 2008, 
Friedman and Laycock, 1989). 
 
Example 
Children select and use skip counting by 5s and 1s (repeated 
addition in multiplication), add 15 minutes to an hour (quarter 
past), subtract 15 minutes from the next hour (quarter to), 
partition 60 minutes in one whole to get minutes for half hour 
and quarter hour times. 
 
Cognitive 
systems 
Working memory including central executive, phonological 
memory, and visuospatial memory to support domain specific 
knowledge (Geary 2007; Hecht & Vagi, 2010). 
 
Example 
Children perceive and process visual representations of clock 
characteristics and fraction area model and encode and process 
domain specific knowledge (Mathematics), and mundane 
expressions, to identify and use 12-hour time. 
 
Domain 
specific 
knowledge 
(Mathematics) 
Mathematics knowledge, procedures, strategies, and skills used 
when solving any mathematics related problem (Hecht & Vagi, 
2010). 
 
Example 
Children select and use number – fraction interpretation 
(part/whole), arithmetic (operations, strategies and procedures), 
and numbers (up to 60) to read and record in 12-hour time. 
 
Fraction 
conceptual 
knowledge 
The magnitude of fractions, their interpretations, models, and 
representations (Siegler, Fazio, Bailey, & Zhou, 2013). 
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Example 
Children understand and use part-whole interpretation (15 
minutes is one quarter of 60 minutes [whole hour]). 
 
Fraction 
knowledge 
 
Integration of conceptual and procedural knowledge of fractions 
to solve fraction related problems (Siegler, Fazio, Bailey, & 
Zhou, 2013). 
 
Example 
Children select and use part-whole interpretation, partition area 
and number line models, number track, and fraction words to 
read and record in 12-hour time. 
 
Fraction 
procedural 
knowledge 
Arithmetic procedures specific to working with fractions in 
context (Siegler, Fazio, Bailey, & Zhou, 2013). 
 
Example 
Children select and apply arithmetic operations partitioning a 
whole hour into equal parts, half or quarter to read and record in 
12-hour time. 
 
Mundane time 
expressions 
Integration of relative and absolute time systems to communicate 
times (Bock, Irwin, Davidson, & Levelt, 2003). 
 
Example 
Children comprehend and interchangeably use relative time 
system (e.g., half past three or thirty minutes past three) and 
absolute time system (e.g., three thirty) to talk about and record 
12-hour times. 
 
Number Whole number knowledge including sequence of number names, 
quantity, position and order, numerals, and number words up to 
60.  
 
Example 
Children read, record, and understand:   
Numerals: 0 – 45; 
Number words: One – forty-five; 
Order: 15, 30, 45; 
Quantity: 30 minutes in half an hour; 
to read and record 12-hour times. 
 
Relative time 
system 
Relative time includes either a fraction reference or the minute-
hour relationship. The fraction or the minutes are stated before 
the hour. Relationships words (e.g., past, after, to, till, of) connect 
minutes to the past or upcoming hour (Bock et al. 2003; 
Williams, 2012). 
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Example 
Children comprehend and use relative time expressions such as:  
Fraction reference: 
“Half past six”; 
“Quarter past three”; 
“Quarter to one”; 
Minute-hour relationship: 
“Thirty minutes past six”; 
“Fifteen minutes past three”; 
“Forty-five minutes past twelve” or “Fifteen minutes to one”; 
to read and record 12-hour times. 
 
Telling time Integration of domain specific knowledge, mundane time 
expressions, clock representations, and cognitive systems for 12-
hour time. 
 
Example 
Children read and record half past, quarter past, and quarter to 
times on an analogue and digital clock. 
 
 
Exploring Fraction Knowledge with Telling Time: A case study of students who have learning difficulties xv
Statement of Original Authorship 
The work contained in this thesis has not been previously submitted to meet 
requirements for an award at this or any other higher education institution. To the best 
of my knowledge and belief, the thesis contains no material previously published or 
written by another person except where due reference is made. 
Signature: 
Date: December 2016
QUT Verified Signature
 xvi Exploring Fraction Knowledge with Telling Time: A case study of students who have learning difficulties 
Acknowledgements 
Time is critical in our busy life schedules. I would like to take this moment to 
acknowledge and thank my family, supervisors, friends, and colleagues, who 
generously gave their time to support me through this learning journey.  
I acknowledge and thank my husband Graham, and sons, Quinn and Rohan for 
their patience, understanding, and assistance when study time imposed on family time. 
Thanks also go to my parents who were always ready to lend a helping hand with 
family commitments. 
Many thanks also to my supervisors Professor Suzanne Carrington, Dr Andy 
Yeh, and Dr Calvin Irons, whose encouragement, perceptive guidance, and depth of 
knowledge significantly influenced this study. 
I thank my dear friends, Judy Forster, Rosemary Irons, and Gabrielle Kempton 
for their unwavering guidance, advice, and emotional support. The ideas realized from 
times spent talking, reading, editing, and reflecting together are embedded in this work. 
Finally but by no means least, I would like to extend a special thanks to the 
participants of this study and staff at the school who offered their time, knowledge,  
and work space so generously. 
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Chapter 1: Introduction 
This research proposed to investigate the conceptual and procedural knowledge 
by children who have learning difficulties (LD) when telling half hour, quarter past 
and quarter to time. Telling the time is a complex life skill involving connected 
components. Many children in primary school have considerable problems mastering 
this life skill due to the “cognitive complexities” (Williams, 2012, p. 217). In 
particular, children must develop and coordinate conceptual and procedural 
knowledge and strategies of mathematics, mundane time expressions, and clock 
representations. Also but to a lesser extent, children also develop individual cognitive 
systems and image schemas.  
Learning Difficulties Australia (LDA) (2011) stated that “the term LD is used to 
refer to students who experience significant difficulties in learning and making 
progress in school, but who do not have a documented disability” (p. 17). Hereafter, 
the abbreviation LD will be applied to children experiencing learning difficulties in 
Numeracy.  
The motivation for this study was the absence of definitive research on telling 
time utilising fraction knowledge. Recent studies have focused on accuracy, cognitive 
competency, procedural knowledge and the language for telling time. The researcher, 
when teaching, has supported teachers’ attempts to adjust curriculum content and 
instruction methods to support children’s learning about time. It is this personal 
experience that has bought the researcher to ask about the knowledge children who 
have LD need to select and use to tell time competently and suggest a focus for learning 
that is meaningful, successful and enjoyable.   
This chapter outlines the background (Section 1.1) of the research and its 
purposes. Section 1.2 describes the significance and scope of this research and 
provides definitions of terms used. Finally, Section 1.3 includes an outline of the 
remaining chapters of the thesis. 
1.1 BACKGROUND 
Measurement of time has developed according to the functional and cultural 
needs of society. Williams (2004) identified the progression of time usage beginning 
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with celestial solar regularities to the use of “specialised artefacts that recreate and 
regulate these natural rhythms” (p. 24). With the introduction of the analogue and 
digital clocks, competent clock readers and time tellers have developed conceptual and 
procedural knowledge, operations, and strategies that interact with these devices.  
Reading and recording the time has become an essential element of daily routine. 
Western culture places great importance on time organised routines and schedules for 
children from birth. For most of us, time schedules and routines have become an 
integral part of our lifestyle. Through early language interactions and life experiences 
with family and friends, children become aware of this phenomenon called Time that 
dictates when they wake up, eat, play, and sleep (Smith & MacDonald, 2009). 
Time is invisible, continuous, complex, and abstract. Learning to tell the time is 
difficult for young learners to grasp yet they are expected to achieve competency of 
this skill as it is “a ubiquitous human cognitive activity” (Williams, 2004, p. 24). 
Curriculum development has seen this complex concept introduced to children as 
young as five years of age. When children enter the formal educational setting, 
learning episodes are organised into regimented schedules (Pacini-Ketchabaw, 2012). 
Children are expected to adhere to a daily class timetable and develop knowledge, 
procedures, and strategies necessary to tell the time; learn to interact with analogue 
and digital time devices; and decode symbolic, pictorial, and time expressions 
associated with this phenomenon (Burny, Valcke, & Desoete, 2009).  
Many of the skills required to be a competent functioning member of society are 
conceptually underpinned by Mathematical proficiencies (Melbourne Declaration of 
Educational Goals for Young Australians [MCEETYA], 2008; Organisation for 
Economic Co-operation and Development [OECD], 2001). Swanson (2007) 
highlighted the significance of mathematical ability in a society that “requires 
technical competence of its citizens, competence that in turn, draws on high levels of 
mathematical literacy” (p. 133). Although telling the time is seen as an important life 
skill within the Measurement and Geometry strand of the Australian Curriculum: 
Mathematics (Australian Curriculum and Assessment Reporting Authority [ACARA], 
2015a) connections with the Number and Algebra strand (fractions, arithmetic, and 
number) exist.  
Rational numbers are prevalent in daily life activities (Mazzocco, Myers, Lewis, 
Hanich, & Murphy, 2013).  Knowledge of fractions requires children to identify, 
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select, and use interpretations, models, and representations within real life situations 
beyond whole numbers (e.g., ¼ of the children in the class have brown eyes; ½ cup of 
milk, my height is 0.75 metres and 1 pizza among 3 children).  Hecht, Vagi, and 
Torgesen (2007) defined foundational fraction knowledge as “the awareness of what 
fraction symbols mean and the ability to represent fractions in multiple ways” (p. 122). 
Children also need to be able to transition from whole number reasoning to develop 
fraction knowledge (Bailey, Siegler, & Geary, 2014; Vukovic, Fuchs, Geary, Jordan, 
Gersten, & Siegler, 2014).  
In Australia, ACARA provides the Australian curriculum for foundation to Year 
Ten. In the first year of formal education, Year One, ACARA (2015a) mandated the 
introduction of the fraction interpretation of part-whole, associated models (e.g., area, 
length, and set), and representations in the strands Number and Algebra, and 
Measurement and Geometry. In Year One Number and Algebra, the sub-strand 
Fraction and decimals states that children will “recognise and describe one-half as one 
of two equal parts of a whole” (ACARA, 2015a, ACMNA016). The work sample 
portfolio requires children to demonstrate one-half when given a number of different 
items. Additionally, these children are also required to “relate their knowledge of ‘half’ 
to half-hour time on an analogue clock” (ACARA, 2014, p. 5). The area model 
(circular region model) for fractions may be the only model used when teaching the 
telling of time on an analogue clock. 
  It is extremely important that teachers of children who have LD are aware of 
their diverse learning needs and adjust instruction methods and learning experiences 
to ensure quality learning opportunities for each child. With high curriculum 
expectations and increasing outcome demands, children require opportunities to 
develop and construct their fraction knowledge through hands on and authentic 
experiences (Butler, Miller, Crehan, Babbitt, & Pierce, 2003; Hecht et al., 2007; Lewis, 
2014; Mazzocco et al., 2013; Misquitta, 2011; Tipps, Johnson, & Kennedy, 2011). In 
order to confidently apply fraction knowledge when telling time all children require 
instruction and learning experiences that explicitly define the connections between 
fractions (conceptual and procedural knowledge) and the telling of time (Williams, 
2012). ACARA (2013) asserted that teachers make reasonable adjustments to age-
equivalent content in response to the diverse learning needs of each child in order to 
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provide excellence and equity in education. This directive is supported by the 
Disability Standards for Education (DSE) (2005) (Ruddock, 2005). 
Available studies have investigated and identified some of the difficulties or 
deficits that affect the acquisition of time telling skills such as numerical 
understanding, time expressions, and mathematical facts and procedures for children 
(Bock, Irwin, Davidson, & Levelt, 2003; Boulton-Lewis, Wilss, & Mutch, 1997; 
Friedman & Laycock, 1989; Meeuwissen, Roelofs, & Levelt, 2003; Vakali, 1991). 
Researchers also acknowledge that there is a need for further discourse on the 
differences experienced by children who have LD when attempting to read and record 
the time (Andersson, 2008; Burny, Valcke, & Desoete, 2012).  
Educational implications for teachers emphasised by Burny et al. (2012) 
identified the importance of early identification of specific time skill misconceptions 
and the need for individually targeted, explicit intervention for children experiencing 
difficulties.  The researcher of this intrinsic case study has noticed, during her career 
that telling the time has been particularly challenging for most children (with or 
without LD) to master. This researcher has also noticed that many primary school 
children (with or without LD) found fractions challenging. In recent times, this 
researcher found herself reflecting whether the fraction knowledge of children who 
have LD contributed to conceptual understanding, procedures, and strategies selected 
and used when telling time. 
1.2 PURPOSES 
All primary school children are expected to read, record, and communicate time 
using number symbols, mundane time expressions, written text, and real-world devices 
(ACARA, 2015a). 
The aim of this intrinsic case study was to deepen and broaden understandings 
of how Year 4 children who have LD tell the time using analogue and digital clocks. 
The purpose was to explore the connections children who have LD made between 
telling half hour, quarter past, and quarter to hour time and domain specific knowledge 
(Mathematics, in particular, fractions), mundane time expressions, and clock 
representations. This study drew from the Constructivist approach for teaching 
mathematics to provide authentic, collaborative opportunities for children who have 
LD to tell the time. Observing Year 4 children who have LD as they selected and used 
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knowledge, procedures, and strategies on their constructed clocks during four 
assessment activities provided data to answer the research questions. This study also 
sought to contribute to education practice by providing a lens to perceive the 
challenges experienced by children who have LD and offer focused learning support 
strategies during time learning experiences. 
Three research questions were investigated: 
1. What fraction knowledge and other domain specific knowledge (Mathematics) 
do children who have LD demonstrate when telling the time? 
2. What mundane time expressions do children who have LD encode, describe, 
and write as text when telling the time?  
3. What knowledge about clock representations do children who have LD 
demonstrate when telling the time?  
Exploring these questions achieved the following aims: 
 To investigate the domain specific knowledge (Mathematics) selected and used 
by children who have LD to tell twelve-hour time on constructed analogue and 
digital clocks. In particular, to identify the fraction knowledge of children who 
have LD select and use when telling half hour, quarter past, and quarter to hour 
time on analogue and digital clocks; 
 To investigate the relative time expressions and text children who have LD 
described and write when completing assessment activities involving analogue 
and digital clocks; and 
 To investigate clock representation knowledge children who have LD describe 
and use when constructing analogue and digital clocks and when recording 
times on their clocks. 
1.3 SIGNIFICANCE, SCOPE AND DEFINITIONS 
This section describes the significance and scope of the research and presents 
definitions of key constructs used in the study. These definitions are the basis for 
telling the time, fraction knowledge and LD. 
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1.3.1 Significance and scope of this research 
This research provides an exclusive and unique contribution to the current body of 
knowledge concerned with Year 4 children who have LD. Researchers such as 
Andersson (2008) and Burny et al. (2012) have identified some of the difficulties 
children with Mathematics Difficulties (MD) make when telling time. For some 
children this difficulty persists through to the upper primary grades and even high 
school (Boulton-Lewis et al., 1997). Despite an extensive body of research on 
performance deficits and low achievement of fraction knowledge and skills for 
children who have Mathematical Learning Disability (MLD) and MD limited attention 
has been paid by researchers on fraction knowledge in other mathematical domains 
(Butler et al., 2003; Hecht & Vagi, 2010; Mazzocco et al., 2013). Few research studies 
argue a link between fraction knowledge and telling time for primary school children. 
Consequently the researcher was unable to find any direct empirical evidence that 
fraction knowledge contributes to competency when telling the time. This represents 
an important gap in mathematics education. 
This study focused on Year 4 children who have LD telling half past, quarter past, and 
quarter to time and their reflections involving fraction understandings, thereby adding 
a different perspective to the limited literature base to date. The most important 
outcome of this intrinsic case study is an increased understanding of the unique 
construction of time knowledge by Year 4 children who have LD. 
1.3.2 Definitions 
Learning Difficulties 
There are a range of definitions used both internationally and nationally to define 
learning difficulties experienced by children. In the United States of America the term 
learning disability focuses on the medical condition of the learning deficit and is 
supported by funding; whereas, the United Kingdom uses the term special educational 
needs as a broad reference for children experiencing LD or learning disability. In 
Australia, under performing academic achievement and adjustments to curriculum 
provisions are characteristics used to identify children who have LD. Graham and 
Bailey (2007) stated “Students with learning difficulties tend to be a diverse group that 
demonstrates low achievement in academic subjects for a myriad of reasons” (p. 387).   
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For this intrinsic case study, the term LD was applied to those children in a 
mainstream primary school setting whose achievements in the curriculum areas of 
Literacy and Numeracy did not meet the year-level achievement standards. Additional 
characteristics considered for defining children who have LD were the adjustments 
made by the class teacher to the Year 4 curriculum content and additional instruction 
opportunities with Support Teacher (Literacy and Numeracy) (ST(LaN)) “revisiting 
key concepts and/or skills and using explicit and structured teaching strategies” 
(Department of Education and Training [DET], 2015, p.2). 
Telling time 
Telling the time is an important social construction that specifies the instant 
when a particular event will occur. Early in human existence, measurement of celestial 
motion provided a means for tracking time (Williams, 2004). Throughout history, 
devices (e.g., sun dial, water and sand timers) were invented to provide greater 
precision and accuracy with telling time. Continued advancements in technology (e.g., 
analogue clock, international time zones and computers) have refined the conceptual 
understanding of time and adapted changes to daily living practices. Different cultures 
have developed various ways to organise, communicate, and record time. The 
analogue and digital clocks are the most commonly used clock representations for 
charting mundane time (Bock et al., 2003). An appropriate definition in the context of 
this intrinsic case study is provided by Bock et al. (2003), who stated that “Mundane 
time expressions can be constructed in either two familiar, but contrasting systems, 
which we call relative and absolute” (p. 656). Further research defining relative and 
absolute time systems used for telling time are provided in Section 2.2.4 of the 
literature review or refer to the glossary.  
The twelve-hour time system is most likely to be a child’s first experience with 
recorded time. Origo Education (2007) defined twelve-hour time as “a system of 
dividing a day into two 12-hour periods. Hours are counted from 1-12; times are 
recorded as being either am or pm” (p. 116). Initially, time activities presented in 
primary school education involve telling the time using this system. The twelve-hour 
system will be the focus of this research for telling the time.  
Domain specific knowledge (Mathematics) 
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Domain specific knowledge (Mathematics) contributes to the acquisition and use 
of conceptual and procedural knowledge needed to understand specific mathematics 
content (Hecht & Vagi, 2010; Mazzocco, Feigenson, & Halberda, 2011; Siegler, Fazio, 
Bailey, & Zhou, 2013). To tell the time children must coordinate their knowledge 
within the Number strand of Mathematics including fractions, arithmetic, and whole 
number knowledge. The purpose of this intrinsic case study was to explore fraction 
knowledge with telling time that is half hour and quarter hour times. Domain specific 
knowledge (Mathematics) will reference fractions, arithmetic, and number 
respectively. 
 Rational numbers are situated within the hierarchy of whole numbers (Siegler 
et al., 2013). Fractions are rational numbers that represent portioning qualities (parts 
of a whole), and are modelled in various ways:  area, set, linear (length), or number 
line. Fractions are represented in symbolic form (proper fractions, improper fraction, 
and mixed number), as well as verbal and written texts. Fraction interpretations 
necessary for conceptual understanding are identified as part-whole, measure, 
indicated division (quotient), ratio, and operator (Behr & Post, 1992; Lamon, 2012; 
Wu, 2014).  
Telling the time on analogue and digital clocks involves thinking mathematically 
about fraction interpretations, models, and representations and using this knowledge 
to tell, read, and write time.  Furthermore, children must be able to encode and use 
fraction language and text for half hour, quarter past, and quarter to hour time when 
using, describing, and demonstrating time on analogue and digital clocks (Boulton-
Lewis et al., 1997; Burny et al., 2009). 
Arithmetic concepts and procedures for addition, subtraction, multiplication, and 
division are key components to developing number knowledge (Friedman & Laycock, 
1989). Initially, children develop knowledge of counting strategies such as skip count 
by 2’s and 5s through the use of manipulatives and pictorial representations when 
solving simple addition (Andersson, 2008; Geary, 2004). Children are taught to select 
and use procedural strategies and operations to tell half past and quarter to times on 
analogue and digital clocks (Andersson, 2008; Boulton-Lewis et al., 1997; Friedman 
& Laycock, 1989; Williams, 2012).  
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Whole number knowledge is a necessary component for telling the time and 
understanding fractions (Andersson, 2008; Burny et al., 2012; Hecht & Vagi, 2010; 
Vukovic et al., 2013). Children connect number names, numerals, and words up to 60 
to read and record half hour and quarter hour times on analogue and digital clocks. 
They may also recall time facts (e.g., 60 minutes is the same as 1 hour) to support 
procedures for reading or recording half past and quarter to times on clock 
representations. Many studies have emphasised the importance of developing domain 
specific knowledge (Mathematics) through concrete and visual representations, 
associated language and symbolic representation (Butler et al., 2003; Hecht et al., 
2007; Mazzocco et al., 2013; Payne, 1975).   
Constructivist approach: Mathematics 
Children enter the classroom with unique knowledge from personal experiences 
and it is acknowledged that meaning is created from those experiences (Jonasson, 
1991). Children can construct meaning about mathematics through the use of picture 
books. The picture books provided a segway to developing a preferred environment 
that allowed the children who have LD the choice to think aloud, enact a procedure, 
and organise and represent their knowledge and understanding using their preferred 
demonstration of understandings (e.g., dramatization, visual representation, 3D 
construction, digital technology) about domain specific knowledge (Mathematics), 
specifically using fractions to tell time. The Constructivist framework often adopted 
for teaching mathematics was used as assessment within this intrinsic case study.  
Constructivist pedagogical approaches were planned and the environment 
designed for the purpose of giving the nine children who have LD opportunities to 
work independently or collaboratively with their peers to demonstrate their knowledge 
and understanding for telling time. The assessment activities used a repeated format 
beginning with a picture book being read by the researcher, followed by a group 
discussion to construct meaning on time related concepts. The nine children who have 
LD chose a half hour or quarter hour times to record on their analogue and digital 
clocks. Each assessment activity ended with a group discussion reflecting on specific 
procedures and strategies used by each individual to tell the particular half past, quarter 
past, or quarter to times.  
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1.4 THESIS OUTLINE 
This thesis consists of six chapters. The current chapter provided a background 
to the research topic, defined key constructs and significance of the research. The 
following provides an overview of the remaining chapters. 
Chapter 2 provides a review of the literature on the worldwide dilemma of 
defining LD at international, national and state levels. Models of support and 
assessment of learning are also discussed in this section. Chapter 2 also presents a 
review of literature that defines what knowledge, procedures, and strategies are needed 
to tell the time and expands on these findings. A link with fraction knowledge and 
telling the time is examined. The Constructivist approach to teaching maths is also 
discussed. Finally a summary based on the key topics of the chapter are provided.  
Chapter 3 presents the methodology and research design of this intrinsic case 
study. Multiple methods were employed to identify fraction knowledge related with 
telling the time as well as other time related knowledge, process, and strategies 
demonstrated and communicated by the participants. Observations were recorded from 
four assessment activities designed to accommodate a range of learning styles. A one-
to-one semi-structured interview (supported by work samples and observation 
information from the assessment activities) was conducted to gain focused insight 
regarding the unique conceptual knowledge, procedures, and strategies demonstrated 
and described by each participant. In addition, participant selection, data collection, 
and analysis, ethical considerations, and limitations are described.  
Chapter 4 reports the findings of this study. The findings are discussed under 
three key themes. The first section presents results that show what fraction knowledge 
and other domain specific knowledge (Mathematics) were used to tell half past, quarter 
past, and quarter to time by the participants during the assessment activities and one-
to-one interview. The next two sections report findings that highlight the participants’ 
use of relative time expressions and understanding of clock representations. Key 
results are summarised to conclude the chapter.  
Chapter 5 presents a discussion about how the findings from this study compare 
to existing empirical literature. This chapter argues the significance of cognitive 
processes (e.g., working memory) and performance and achievement of children who 
 Chapter 1: Introduction 11 
have LD. Implications and suggestions for curriculum and instructional practice are 
also offered. 
Finally, Chapter 6 highlights key findings that emerged and indicates the 
theoretical, methodological and pedagogical contributions that this intrinsic case study 
adds to existing knowledge. Limitations of the intrinsic case study are identified and 
directions for further research are recommended. A final summation concludes this 
document. 
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Chapter 2: Literature Review 
 This chapter presents an overview of the literature about LD, the components 
for telling time, and the constructivist approach to teaching mathematics relevant for 
this study. The first Section examines the complex and varied definitions attributed to 
LD and the diverse needs of children in relation to their learning (Section 2.1). The 
second Section provides an overview of telling the time (Section 2.2) including 
concepts of time, an age related developmental sequence for telling time, mandated 
curriculum content, and the knowledge components needed to tell time. Section three 
examines the constructivist approach to teaching mathematics that underpins the 
present study (Section 2.3). Implications from the literature are presented in the final 
section (Section 2.4).  
2.1 LEARNING DIFFICULTIES 
A variety of definitions, depending upon the country or state in which the child 
is situated, have been adopted to characterise a child experiencing delays in learning 
and requiring additional educational provisions (e.g. learning difficulty, learning 
disability, a specific learning disability, special educational needs or as a student with 
diverse learning needs) (OECD, 2008; Westwood, 2008). There is limited consensus 
on the definition of LD or learning disabilities and at times these are referred to 
interchangeably (Diezmann, Stevenson, & Mercer, 2012; Graham & Bailey, 2007). It 
is important therefore to recognise that these varying definitions are dependent upon 
the theoretical vision and mission of the social or political body in response to the 
individual’s needs (Melha, 2014).  
A common theme found in reports and research documents regarding this 
discrepancy include the need for a standardized definition as central to policy 
development, funding, resourcing and building teacher capacity. The focus shifted 
from a solely medical diagnosis to include consideration of functioning and capacity 
as well as the multi-layered aspects of diversity in a child’s experiences. The influence 
these reports and frameworks have had on Government Acts of law and policy 
development is significant. 
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2.1.1 International definitions on learning difficulties 
Various independent international organisations such as United Nations 
Educational and Scientific Cultural Organization (UNESCO) and the OECD have 
compiled important evidence and documentation, highlighting the need to improve the 
quality of life for all children. 
The OECD (2008) reported in, ‘Students with Disabilities, Learning Difficulties 
and Disadvantages Policies, Statistics and Indicators’ the diverse definitions 
associated with ‘special needs education’ and stated, “In some [countries] it covers 
only children who have traditional disabilities, while in others it includes a broader 
range of students covering, for instance, disability, learning difficulty and 
disadvantage” (p. 18). The report also highlighted the concern raised by special 
education communities on the “lack of educational utility of descriptive categories 
which are derived from medical classifications” (p. 18) and the limited educational 
value these medical categorizations offer to educational curriculum and pedagogy.  
 In the United States of America the Individuals with Disabilities Education Act 
(IDEA) (2006) employed the term ‘child with a disability’ and continues to focus on 
the evaluation of a medical impairment or specific learning disability in order to 
receive special education and related services. In the United Kingdom, the recently 
approved Children and Families Act (2014), adapted to the definition of children who 
have learning difficulty or disability under the umbrella term a child with special 
educational needs.  
When defining children who have special educational needs, the Children and 
Families Act (2014) used broad, open ended phrases as stated in provision 20 (1), “A 
child or young person has special educational needs if he or she has a learning 
difficulty or disability which calls for special educational provision to be made for him 
or her” (p. 19). Interestingly, this act focused on the academic and physical deficits but 
omits social, cultural and environmental factors.  
 In Australia, the Commonwealth Government passed the Disability 
Discrimination Act (DDA) (1992) with DSE effective from 2005. No reference could 
be found to the term LD however the phrase ‘students with diverse needs’ is first stated 
in the main purpose of the document overview followed by regular references to the 
unique and personalised learning needs of each child.  
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The MCEETYA (2008) established expectations and goals for equality and 
excellence in education in Australia and as such choose not to define individuals with 
specific learning needs or impairments. 
Curriculum development within Australia is provided by ACARA. In the 
Student Diversity section of the Australian Curriculum, again we see no specific 
definitions used to define individuals with specific learning needs or impairments. The 
intention of the curriculum resources is to “provide examples of adjustments to 
illustrate how students with diverse needs can access and participate in the Australian 
Curriculum” (ACARA, 2013, p. 4). ACARA (2013) stated that “not all students 
requiring adjustments to the curriculum, instruction or environment will have a 
disability” (p. 11). 
Learning Difficulties Australia defined the term LD as a reference applied “to 
those students who experience significant difficulties in learning and making progress 
in school but who do not have a documented disability” (2014, p. 17).   
In recent publications, DET provided a pedagogical framework and continuum 
of support to ensure quality instruction underpinned by consistent and informed 
evidence collection that identifies each child’s needs and supports performance. In the 
current document, “A whole school approach to support student learning” (DET, 2015) 
the term LD is not stated, however reference is made to children who do not meet year-
level standards and require focused teaching and additional support as diverse 
learners:  
This includes those in need of learning support or behaviour support; those 
who have educational support needs arising from disability; those who are 
gifted and talented; and those learning English as an additional language or 
dialect (EAL/D), or a combination of these. Cultural and linguistic 
background and socio-economic status contribute to the diversity and 
complexity of student  learning needs (para. 2). 
A resource based definition is promoted by identifying the support needed to 
build on child capacity and improve progress. A continuum that encapsulates the three 
layers of support is represented in Figure 2.1. 
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Figure 2.1. Diagram of layers of teaching instruction and support for all children. Reproduced from 
“A whole school approach to support student learning,” by Department of Education and Training, 
2015, p. 1. 
These layers of support include the integration of differentiated and explicit 
teaching strategies in a whole class setting, alterations to curriculum content (reduced 
or extended), additional targeted skills based learning opportunities, and accesses to 
multi-agency personal and resources for extended phases of time. Identification of 
resource based support (curriculum provision and instruction) is internally determined 
on school site by the child’s teacher. In practice, this is through collaboration and 
consultation with other staff officers (e.g., ST(LaN), Guidance Officer, Speech 
Language Pathologist, Head of Curriculum, Head of Special Education Services) and 
administration in constructed meetings.  
For this research, two key characteristics: (a) model of support, and (b) academic 
performance were used to identify children in this group. Adjustments to instructional 
practices, resources, and curriculum to support child performance, understanding, and 
skills are described in DET’s (2015) model for support. Children who require 
adjustments to the curriculum and focused teaching support due to persistent learning 
problems were identified as possible participants for the present intrinsic case study. 
2.1.2 Educational research on mathematics learning of children with LD  
Internationally, within the field of education, researchers studied and addressed 
specific questions related to learning problems experienced by children, and domain 
specific knowledge (Mathematics). Baroody (2011) pointed out that “Although 
researchers have extensively studied learning difficulties with reading, relatively little 
research has addressed mathematical difficulties (MD)” (p. 30). Researchers such as 
Geary (2004) and Mazzocco (2005) adopted research identifying Reading Disabilities 
(RD) “to partially guide the direction of research on MD” (Mazzocco, 2005, p. 321). 
Debate continues on defining MD (Geary, Hoard, Nugent, & Byrd-Craven, 2007; 
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Mazzocco, Feigenson & Halberda, 2011; Mazzocco et al., 2013); however, a primary 
focus of current empirical  research was to identify and characterize particular learning 
dysfunctions or deficits that differentiate children who have MD to those children who 
have low [mathematics] achievement (LA) or typical achievement (TA) (Mazzocco, 
et al., 2011).  
These studies have drawn attention to the difficulties experienced by children in 
mathematics (specifically arithmetic) due to either cognitive or numerical processing 
dysfunctions (Mazzocco et al., 2013). Some researchers investigated the links between 
domain-general characteristic difficulties, conceptual knowledge attainment, and 
children who have MLD (Geary, 2004; Geary, Bailey & Hoard, 2009; Geary et al., 
2007). Mazzocco and colleagues adopted a domain specific approach investigating the 
difficulties experienced by children (MLD, LA, & TA) with fractions and the 
Approximate Number System (ANS). Their study focused on fraction knowledge 
acquisition, and findings suggest that children who have MLD and LA experience 
difficulties with fraction knowledge from early on in schooling. Furthermore, their 
results suggested that students with MLD continue to experience difficulties with 
fractions into secondary school.  
Their study revealed that greater competence and achievement was attained by 
all children when fractions were displayed as a visual model over a number symbol 
representation. The importance of continued investigations will contribute additional 
information in defining an accurate identification process for MLD and refine 
intervention approaches and strategies that support “more advanced fraction concepts” 
(Mazzocco et al., 2013, p. 385). Overall, there is significant evidence to indicate many 
children experience major difficulties understanding and applying fraction conceptual 
knowledge (Butler et al., 2003; Cooper et al., 2012; Haylock & Cockburn, 2008; Hecht 
et al., 2007; Lewis, 2014; Mazzocco & Devlin, 2008; Misquitta, 2011; Roddick, 2009; 
Witherspoon, 1993). 
Andersson (2008) and Burny et al. (2012) also concluded, in their studies on 
mathematics skills, and specifically telling time and children who have LD, that not 
all children achieve time skills at the same rate. They suggested that was due to 
difficulties with some or all of the time specific components necessary for telling time 
and misunderstandings of both analogue and digital clock representations. 
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2.2 TELLING THE TIME 
Time has been developed according to the functional and cultural needs of 
society. Time is invisible, continuous, and abstract and requires young children to use 
complex cognitive skills (Andersson, 2008; Burny et al., 2012; Casasanto, 
Fotakopoulou, & Boroditsky, 2010; Friedman & Laycock, 1989; Piaget, 1927 ⁄ 1969, 
Williams, 2012). With the introduction of the analogue clock and its efficient structure, 
proficient clock readers and time tellers develop conceptual understanding and use 
procedural strategies with these devices (Andersson, 2008; Williams, 2004). Charting 
and telling time with these devices (e.g., clocks and calendars) can be described as 
“mundane time” (Bock et al. 2003, p. 654). Existing research in telling twelve hour 
time using analogue and digital clocks examined (a) the age related developmental 
sequence for achieving time conventions, (b) interrelated components required to tell 
time, (c) knowledge and use of clock representations, and (d) pedagogical implications 
for teaching primary school children. Understanding time also involves a sense of 
duration and procedural calculations of intervals of time (Friedman & Laycock, 1989), 
but this is not a focus in this intrinsic case study.  
2.2.1 Developmental sequence of time concepts 
Early research studies focussed on the age-related cognitive development of time 
(Johoda, 1963; Piaget, 1927/1969). As early as 1928, Piaget was questioning how 
children understood the concept of time (Siegler & Richards, 1979). Analysis of these 
findings was instrumental in establishing four developmental age-related stages 
(sensorimotor, preoperational, concrete operational or transition, and formal 
operational or mastery) of conceptual understanding. These stages of progress 
continued to be a primary feature of child development and learning achievement for 
many decades. Thus, researchers sought to identify an age-related sequence for telling 
the time. This informed a specific systemic order of skills for curriculum development 
(Boulton-Lewis et al., 1997; Friedman & Laycock, 1989; Siegler & McGilly, 1989; 
Vakali, 1991).  
The general consensus by researchers, on the age-related sequence of telling the 
time acknowledge that most children identified hour or o’clock times by 6 years of 
age; thirty minutes past the hour by 7 years of age; fifteen minutes past and fifteen 
minutes to times and times showing five minute and one minute intervals by 8 to 10 
years of age (Andersson, 2008; Boulton-Lewis et al., 1997; Burny, Valcke, Desoete, 
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& Hans Van Luit, 2013; Case, Sandieson, & Dennis, 1986; Friedman & Laycock, 
1989; Siegler & McGilly, 1989; Vakali, 1991).  
The Australian F-10 Curriculum: Mathematics “described what is to be taught 
and learnt” (ACARA, 2015b, Learning area: Structure, para. 2) in Australian schools. 
In 2015 mandated year level sequences supported the teaching and learning. As the 
present intrinsic case study focused on children nine and ten years of age, the 
Australian curriculum: Mathematics content strand: Measurement and Geometry, 
content descriptors for teaching and learning time up to Year 4, are of relevance.  
Foundation Year: Compare and order the duration of events using the everyday 
language of time (ACMMG007). 
Year One: Tell time to the half-hour. Describe duration using months, weeks, 
days and hours (ACMMG020). 
Year Two: Tell time to the quarter-hour, using the language of past and to 
(ACMMG040). 
Year Three: Tell time to the minute and investigate the relationship between 
units of time (ACMMG062). 
Year 4: Convert between units of time. Use am and pm notation and solve simple 
time problems (ACMMG085 & ACMMG086) (ACARA, 2015a).   
ACARA (2015b) also provided proficiency strands in Mathematics to “describe 
how content is explored or developed” (Learning area: Structure, para. 3).  The 
proficiency strands are Understanding, Fluency, Problem Solving and Reasoning.  
A proposed sequence for understanding telling time has been constructed using 
the mandated Australian curriculum: Mathematics and available research literature 
(ACARA, 2015a; Andersson, 2008; Boulton-Lewis et al., 1997; Burny et al., 2013; 
Piaget, 1969; Smith & MacDonald, 2009) in Figure 2.2. The proposed sequence for 
understanding telling time foregrounds the essential relationship between 
mathematical concepts for time and mundane time expressions used to describe to tell 
time. 
Specific time vocabulary and mundane time expressions have also been drawn 
from available research (Bock et al., 2003; Korvorst, Roelofs, & Levelt, 2007; 
Meeuwissen et al., 2003), and curriculum documentation (ACARA, 2015a). Two 
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mathematical concepts (identifying half hour time, and identifying quarter past, and 
quarter to hour time) within the proposed sequence will be the focus of the present 
research. More specifically this research investigated how Year 4 children who have 
LD use fraction knowledge (e.g., part-whole interpretation, area model and 
representations) to tell 12-hour time on analogue and digital clocks.  
 
 
Figure 2.2. Proposed sequence for understanding telling time and associated vocabulary and mundane 
time expressions (Based on the work and theories of: ACARA, 2015a; Andersson, 2008; Boulton-
Lewis et al., 1997; Bock et al., 2003; Burny et al., 2013; Korvorst, Roelofs & Levelt, 2007; 
Meeuwissen et al., 2003; Piaget, 1969; Smith & MacDonald, 2009). 
2.2.2 Components of telling time 
Burny et al. (2009) reviewed existing literature to define temporal concepts, and 
examine instructional practices, to offer a framework of time-related competencies. 
They argued that within education settings effective instructional methods targeted 
domain specific knowledge (Mathematics), mundane time expressions, cognitive 
systems (e.g., working memory), and time specific conventions. Burny et al. (2009) 
suggested more specifically that to be a competent time teller, children must develop 
(a) competency in mathematical knowledge and skills, (b) form rich image-schematic 
structures to support long term memory retrieval, (c) comprehend and engage in time-
specific language, and (d) understand the different structural conventions of analogue 
and digital clocks. Burny et al’s (2009) conceptual framework for clock reading is 
replicated in Figure 2.3. Of particular note is the suggestion that fraction knowledge 
and arithmetic procedures are linked to telling time on an analogue and digital clock. 
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Figure 2.3. Conceptual Framework: Aspects involved in understanding of time. (Adapted from Burny 
et al., 2009, p. 488). 
2.2.3 Domain specific knowledge (Mathematics) 
Research studies in mathematics have drawn attention to the use of domain 
specific knowledge (Mathematics) of the Number strand when telling time 
(Andersson, 2008; Burney et al., 2012). The procedures and strategies used by children 
to tell time such as skip counting by fives strategy and operations similar to those used 
in arithmetic tasks have been well documented (Andersson, 2008; Boulton- Lewis et 
al., 1997; Burny et al., 2012; Friedman & Laycock, 1989, Vakali, 1991). A primary 
finding by Andersson (2008) and Burny et al. (2012) was that children who have 
mathematics difficulties (MD) rely on simple procedural strategies (e.g., counting by 
fives) to tell time. More research is required, to identify what other mathematical 
knowledge, procedures, and strategies are used by children who have LD when 
attempting to read and record the time. Andersson (2008) suggested that “it should 
also be possible to study whether difficulties in one area are due to problems in another 
area” (p. 48). One mathematical component that has been acknowledged but received 
no academic examination is fraction understanding and telling the time. 
Knowledge of fractions is necessary for everyday functioning in society 
(Mazzocco et al., 2013; Misquitta, 2011). Extensive research on rational number 
understanding and processes has been conducted in the educational domain (Hecht & 
Vagi, 2010; Jordan, Hansen, Fuchs, Siegler, Gersten, & Micklos, 2013; Mazzocco et 
al., 2013; Siegler et al., 2013; Vukovic et al., 2014). A major finding identified the 
TIME
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interconnections between fraction interpretations, models, and their representations, as 
necessary, for children to achieve fluency and mastery of fraction knowledge. 
Conceptual knowledge of fractions “can be defined as the awareness of what 
fraction symbols mean and the ability to represent fractions in multiple ways” (Hecht 
et al., 2007, p. 122). Multiple interpretations in fraction knowledge underpin mastery. 
Five key interpretations have been identified (a) part-whole, (b) measure, (c) indicated 
division (quotient), (d) ratio, and (e) operator (Clark & Roche, 2011; Empson & Levi, 
2011; Lamon, 2012; Lewis, 2014; Steffe & Olive, 2010). “Students must be 
comfortable with all of these interpretations and way of thinking to have deep fraction 
understanding” (Cooper, Wilkerson, Montgomery, Arterbury, & Moore, 2012, p. 2).   
Fraction interpretations, ways of mathematical thinking and reasoning, along 
with the varied types of representations and models have been adapted from available 
research (ACARA, 2015a; Behr & Post, 1992; Clarke & Roche, 2011; Lamon, 2012; 
Tipps et al., 2011; Witherspoon, 1993) and are presented in a “web of ideas” (Lamon, 
2012 p. 255) in Figure 2.4. Also added to the web is pre-fraction concepts as children 
experience and use fractions in real life contexts (e.g., Drink half a cup of water! or 
May I have half now and half later?) prior to formal schooling. 
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Figure 2.4. Concept web of key fraction interpretations, models and representations (Based on the 
work and theories of: ACARA, 2015a; Behr & Post, 1992; Clarke & Roche, 2011; Lamon, 2012; 
Tipps et al., 2011; Witherspoon, 1993). 
More recent research focused on fraction knowledge of primary and secondary 
children, emphasised the importance of learning situations that explicitly taught 
fraction interpretations with appropriate fraction models and a variety of fraction 
representations (Butler et al., 2003; Clark & Roche, 2011; Empson & Levi, 2011; 
Lewis, 2014; Mazzocco et al. 2013; Steffe & Olive, 2010, Tipps et al., 2011). These 
researchers advocated that accuracy and flexibility of understanding are achieved 
when children were exposed to a variety of models and representations concurrent with 
explicit explanations and discussions. Children who do not make conceptual and 
representational connections at the foundational level and rely on procedural rules and 
tricks, had a detrimental effect on understanding and performance as more complex 
fraction concepts were introduced (Brown & Quinn, 2006; Butler et al., 2003; Empson 
& Levi, 2011; Jordan et al., 2013; Queensland Studies Authority (QSA), 2013; Steffe 
& Olive, 2010).  
This intrinsic case study focused on understanding part-whole interpretation of 
fractions when telling time. The foundational and most commonly used interpretation 
when first introducing fractions is part–whole relations (Clarke & Roche, 2011; Lewis, 
2014; QSA, 2013). The QSA (2013) stated that “success in fractions depends on the 
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mastery of the basic part–whole relationship which underpins the thinking and 
reasoning required for other fractional concepts” (p. 3). From the initial phase of 
partitioning a whole into two equal parts (e.g., one apple cut into 2 equal parts), 
children build on this concept, partitioning a whole into any number of equal parts 
(e.g., one apple cut into 6 equal parts) using both continuous and discrete models. Time 
conventions provide an example of partitioning; one hour as 60 minutes represented 
on a number line, 30 minutes is half an hour and 15 minutes is a quarter of an hour. 
Children must understand that the number of unit segments may vary according to the 
number of partitions. The area and number line models of fractions demonstrate 
visually, part-whole interpretations (Clarke & Roche, 2011; Lamon, 2012; Wu, 2014). 
2.2.4  Mundane time expressions 
A growing body of research has examined the cultural linguistic systems or 
conventions that dominate mundane time expressions (Burny et al., 2013; Meeuwissen 
et al., 2003; Williams, 2012). Mundane time expressions are described using relative 
or absolute time systems. Williams (2012) and Meeuwissen et al. (2003) reported that 
English speaking cultures prefer to express time using the relative time system. The 
relative time system includes either a fraction reference (e.g., half past six, quarter 
past one and quarter to ten) or the minute-hour relationship (e.g., thirty minutes past 
six, fifteen minutes past one and forty-five minutes past ten) (Bock et al. 2003; 
Williams, 2012). When using the relative time system to tell the time, children must 
say and read fraction words (e.g., half and quarter; orally and written) and identify 
these fraction words as a reference to the minute value before the hour value (Bock et 
al., 2003). Williams (2012) described absolute time as “naming the time precisely in 
absolute form” (p. 225). When reading digital displays for example, 8:45 would be 
expressed as “eight forty-five” (Kuchinsky, Bock, & Irwin, 2011). Telling the time in 
real world experiences and time instruction tasks also require children to transpose 
stated relative time expressions to a digital clock (e.g., show half past ten on the digital 
clock). 
Several other studies focused on mundane time expressions have associated 
cultural linguistic preference to relative or absolute time systems (Burny et al. 2013; 
Bock et al., 2003; Casasanto et al., 2010; Korvorst et al. 2007; Meeuwissen et al., 2003, 
Williams, 2012). Their findings reported that the combination and integration of 
numerical concepts integrated in mundane time expressions adds further complexity 
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to telling the time.  Bock et al. (2003) stated “The results point to the existence of 
strong and interpretable relationships between how clock displays are viewed and how 
time is told” (p. 683). One of the significant observations by Bock et al. (2003) and 
Korvorst et al. (2007) on undergraduate students’ clock reading proficiency was that 
relative and absolute time systems involve different conceptual preparation and 
cognitive demands. They observed that the speed and accuracy was affected when 
relative time expressions were used with both analogue and digital clocks.  It may also 
be possible that similar implications apply for children who have LD. 
Burny et al. (2013) examined the curriculum sequence of time lesson in Chinese 
and Flemish cultures.  They also found that European cultures implement teaching 
sequences that include complex time expressions “e.g., 5:23 is read as 7 before half 6” 
(Burny et al., 2013, p. 764). They concluded that two main contributing factors to clock 
reading performance are the sequence of curriculum content and the linguistic format 
for telling time. Research conducted by Casasanto (2012) and fellow researchers 
contended that the asymmetrical relationship between spatial and temporal domains 
and associated spatio-temporal words and metaphors influence children’s 
conceptualization and responses to representations of time. They also suggested that 
conceptual difficulties with time were due to “cross dimensional confusion” (p. 391). 
Telling the time in real world experiences and time instruction tasks requires children 
to transpose mundane time expressions to clock representations. To tell the time a 
thorough understanding of both clock features is necessary. Current literature on the 
two most commonly used devices for representing time (e.g. analogue and digital 
clocks) are reviewed in the following Section.   
2.2.5 Clock representations 
Analogue and digital clocks are presented simultaneously in society, and 
curriculum documentation. To be successful at telling the time primary age children 
must be able to identify, select, use, and describe clock characteristic features on both 
analogue and digital clocks (ACARA, 2015a; Burny et al., 2012; Meeuwissen et al., 
2003; Smith & MacDonald, 2009). The characteristic features of an analogue clock 
include hour and minute hands which point to numeral or non-numeric minute marks 
(tick marks) equally segmented on a circular number line (Williams, 2004). The 
characteristic features for a digital clock include specific value positions for the hour 
and minute separated by a colon (Andersson, 2008; Vakali, 1991).    
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The standard unit for time is an hour or sixty minutes. Accurate time is achieved 
by when children coordinate the hour and minute hand on an analogue clock or 
determine the hour and minute reference points on a digital clock. Mathematical 
knowledge such as (a) recall of numeral and fraction names, (b) use of arithmetic 
procedures for operations integrated with mundane time expressions and text, and (c) 
recall of time facts are applied to both clock representations.  
The analogue clock demands the use of mathematical knowledge such as skip 
counting, fraction interpretations (part-whole) and models (area and number line), and 
flexible number symbol value (e.g., 1 can have a value of 1 hour or 5 minutes). The 
digital clock displays one minute counting increments. Fraction language and text in 
real world contexts must be transferred to the digital clock representation (e.g., 
wearing a digital watch a child may be asked, “Can you tell me when it is half past 
two, please?”).  
Early research has documented the different mathematical procedures and 
strategies attributed to each clock representation (Boulton-Lewis et al., 1997; 
Friedman & Laycock, 1989; Vakali, 1991). Friedman and Laycock (1989) argued that 
children used a mixture of fact retrieval and procedural strategies when telling time on 
an analogue clock. Strategies observed included skip counting by fives, associations 
with landmark numerals and fraction interpretations (e.g. the landmark number 3 on 
the clock face prompts thinking about quarter past), or “just knowing the answer” 
(Friedman & Laycock, 1989, p. 361).  
In contrast to the analogue clock, early researchers found that children relied 
more on memory retrieval of number names for direct recognition of time on a digital 
clock (Boulton-Lewis et al., 1997; Friedman & Laycock, 1989; Vakali, 1991). Thus 
Friedman and Laycock (1989) suggested that digital clock time was easier for children 
to read than time displayed on an analogue clock. Findings from Andersson (2008) 
and Meeuwissen et al. (2003) demonstrated that greater accuracy is achieved with 
telling time when using a digital clock format in coordination with absolute time 
expressions. It is believed that this representation makes “fewer processing demands 
than the mental procedural sequences that underlie analogue clock reading problems” 
(Friedman & Laycock, 1989 p. 358). However, Burny et al. (2012) concluded from 
their research that children (Grades 1-6) with mathematics difficulties (MD) found 
reading the time difficult on both clock representations.  
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Early primary instruction of fractions (ACARA, 2015a; Curriculum into the 
classroom, 2014; Plan4me, 2013) apply the part-whole interpretation and area model 
to analogue clocks. On a digital clock, the part-whole area model has no relevance.  
Part-whole interpretations represented as a number line model are directly 
applied to the analogue clock. In his cognitive ethnography of elementary mathematics 
time lessons, Williams (2004) identified how instructional methods and choice of 
representations influenced a child’s use of procedures and strategies to tell time. He 
confirmed that children required an understanding of the number line to read time on 
an analogue clock. The analogue clock characteristic features were better visualised 
and constructed as a multi-scaled circular number line model where the number of 
equal parts vary depending on the hour, minute/second partitions (Williams, 2004). 
The circular number line from one to fifty-nine (with sixty implied as the o’clock) 
represents the analogue clock face.   
Part-whole interpretations as a number line model (or number track) have been 
indirectly applied to the digital clock. Wu (2014) demonstrated that children require 
flexibility when thinking about unit segment partitioning (e.g., hours (am & pm) and 
minutes). Such partitioning is best perceived on a number line (Wu, 2014).  
The research cited in this Section affirms that telling the time required children 
to think mathematically about fractions (e.g., interpretations, representations, and 
models) and number for both analogue and digital clocks. Children actively utilised 
these mathematically understandings to be fluent with telling time displayed on 
analogue and digital clocks. Working memory had been identified as a significant 
contributor to mathematics performance (Bailey et al., 2014; Raghubar, Barnes & 
Hecht, 2010). In the following Section, research by Geary, Hecht, and colleagues 
identified the role of the cognitive system and associated processes accessed to 
coordinate and manipulate information simultaneously. 
2.2.6 Cognitive systems 
A considerable amount of literature has been published on the contribution of 
cognitive systems (e.g., working memory) to student ability and performance 
involving fractions and whole number (Geary, 2004 & 2007; Hecht & Vagi, 2010; 
Jordan et al., 2013; Li & Geary, 2013, Mazzocco et al., 2013; Siegler et al. 2013; 
Vukovic et al., 2014). Some researchers (see Geary 2004; Hecht, Close, & Santisi, 
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2003) characterised MLD as resulting from deficits in supporting cognitive systems 
while others (see Mazzocco, Feigenson, & Halberda, 2011; Vukovic et al., 2014) 
found that domain specific knowledge and conceptual understanding play a primary 
role in children’s fraction achievement with cognitive competencies as secondary 
contributing factors.  
Only a few studies provided definitive results establishing the connection 
between cognitive systems and telling the time (Burny et al., 2012; Kibby, Cohen, & 
Hynd, 2002).  A study of students who have ADHD by Kibby et al. (2002) argued that 
poor visuospatial functioning contribute to inaccurate clock face construction. Both 
Andersson (2008) and Burny et al. (2012) concluded that limited retrieval and use of 
strategies when telling time on analogue and digital clocks by children who have MD 
indicates deficits with semantic memory. Findings from empirical research support the 
hypothesis that children who have LD use cognitive systems to connect domain 
specific knowledge (Mathematics,) mundane time expressions, and knowledge of 
clock representations when telling time on analogue and digital clocks.  
Burny et al’s (2009) conceptual framework provided a structure to analyse the 
knowledge, procedures, and strategies required for telling time. From the current 
research, curriculum documentation, and personal experience of the researcher the 
following Table 2.1 is reported to provide a deeper analysis of the components required 
for proficiency with telling the time. 
Table 2.1 
Analysing clock reading using Burny et al’s (2009) conceptual framework  
 
What children know:  Examples of how it relates to telling the time  
(what children will do) 
M
a
th
em
a
ti
c
s 
Purpose of a clock.  Tell the time of an event for half hour, quarter past, and 
quarter to. 
Number names and symbols from 1 
to 60. 
Read hour numbers 1 to 12 as o’clock times using the 
hour hand (landmark numbers, Williams 2012). 
Read minutes by translating landmark numbers as 
minutes using the minute hand (e.g., the number 6 is 
equivalent to 30 minutes). 
Read hour and minutes using number symbols on a 
digital clock. 
Hour and minute dials on an 
analogue clock as a multi-scaled 
number line (Williams, 2004). 
Represent numerals and tick marks on a circular number 
line (e.g., hours (1-12) and minutes (1-60). 
 Chapter 2: Literature Review 29 
 
What children know:  Examples of how it relates to telling the time  
(what children will do) 
The position of the minute and hour 
hand for half past, quarter to and 
quarter past times. 
Interpret positions of minute hand including attention to 
the hour hand to tell half hour, quarter past, and quarter 
to time. 
Skip count using whole numbers.  Locate the position of half hour, quarter past, and 
quarter to using skip counting by fives.  
SI - seconds: hours, minutes. Describe half of one hour as 30 minutes, quarter of one 
hour as 15 minutes, and three quarters of one hour as 45 
minutes. 
Transfer fraction interpretations to 15, 30, and 45 on an 
analogue clock.  
Transfer fraction reasoning to 15, 30, and 45 on a digital 
clock. 
One half and one quarter as equal 
parts of a whole area of the clock 
face. 
Partition analogue clock face into 2 or 4 equal parts to 
represent half and quarter hour times. 
Fraction representations. Read, model, and record fraction language and text for 
time on an analogue and digital clock. 
L
a
n
g
u
a
g
e 
A description of time represented 
on an analogue or digital clock. 
Describe time as: “Clocks keep ticking to tell you what 
the time of the day is”. 
Vocabulary to describe time. Select and use terms and expressions: 
“Clock face - analogue, digital, minute hand, hour 
hand, number names to 60”. 
“Hour - o’clock”. 
“Fractions of one hour – minutes: 30 minutes past, half 
past, or half way; fifteen minutes past, quarter past, or 
quarter of the way; and fifteen minutes to, quarter to, or 
three quarters of the way”. 
Relative and absolute time 
(Williams, 2012).  
Tell times in different ways: 
For example, quarter past three 
- in relative time “quarter past three” or “fifteen 
minutes past three”; and 
- in absolute time as “three fifteen”.  
Fraction time expressions past the 
hour and to the hour analogue 
clock face.  
Describe movement through the spatial quadrants of an 
analogue clock:  
For example, quarter past three 
“For quarter past three I have to think clock wise past 
the hour down to the three, fifteen minutes”. 
For example, quarter to four 
“For quarter to four I have to think clockwise past the 
half hour going up to the next hour and stopping at the 
nine, fifteen minutes to four”. 
M
e
m
o
r
y
 
Characterising features of an 
analogue and digital clock. 
Recall and identify:  
- hour and minute hands on an analogue clock;  
- equal interval marks for hour and minutes with or 
without numeral identification on an analogue 
clock; 
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What children know:  Examples of how it relates to telling the time  
(what children will do) 
- colon on a digital clock; and 
- hour and minute reference points on a digital clock. 
Spatial position and movement of 
clock hands on an analogue clock. 
Recall and demonstrate the clockwise movement on an 
analogue clock around a central point. 
Position and order numbers up to 
60. 
Recall the recordings of analogue time using spatial 
position and sequence of numbers.  
Recall recordings of digital time, hr: 01 to hr: 09 as 1 to 
9 minutes.  
Landmark hour numbers 3, 6 and 9 
on an analogue clock and transfer 
to minute times: 15, 30, and 45 for 
fractions of an hour. 
Recall  and transfer thinking: 
3 to quarter past or 15 minutes past;  
6 to half past or 30 minutes past; and 
9 to quarter to or 45 minutes past. 
SI for time: hour facts.  
 
 
 
Recall and state time facts: 
“1 hour is 60 minutes”.  
“Half of one hour is 30 minutes”.  
“Quarter of one hour is 15 minutes”.  
“Three quarters of one hour is 45 minutes”. 
C
o
n
v
e
n
ti
o
n
s 
12 hour representation of time. Recall that twelve hour time repeats: 
 
For example, two thirty in the morning and two thirty in 
the afternoon. 
Symbolic, text and visual 
representations of analogue and 
digital time. 
Tell half hour, quarter past, and quarter to on an 
analogue clock. 
Tell digital times as half hour, quarter past, and quarter 
to the hour. 
Record analogue times for half hour, quarter past, and 
quarter using the analogue clock face. 
Record digital times for half hour, quarter past, and 
quarter to using hr: 30, hr: 15; hr: 45. 
 
2.3 CONSTRUCTIVIST APPROACH: MATHEMATICS 
Constructivist educators adopt pedagogical approaches to support student 
learning and highlight students’ perspectives that provide powerful insights into 
mathematical thinking and activity (Cobb, 2010). Children enter the classroom with 
unique knowledge from personal experiences and it is acknowledged that 
understanding “is a function of how the individual creates meaning from his or her 
experiences” (Jonasson, 1991, p. 8). Cognitive skills, existing internal knowledge and 
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belief about how to employ these skills intertwine to produce an end product of new 
knowledge.  
Classroom-based researchers (Ball, 1993; Cobb, Yakel & Wood, 1992; 
Erlwanger, 1973; Steffe & Cobb, 1983) began to include collection and analysis of 
data on student’s described and demonstrated ideas, procedures, and strategies used in 
mathematical learning. Informed by early constructivist research, progressive 
mathematics pedagogical approaches such as the Guided Reinvention approach have 
elaborated and extended on teaching practice, student learning experiences, and 
resources (Stephen, Underwood-Gregg, & Yackel, 2014). Activity sequences and 
assessment are designed by the researchers to facilitate student discourse, engagement 
while monitoring mathematical learning. 
In the area of mathematics, Stephen et al. (2014) highlighted the need to link 
student centred tools or concrete materials and real-world mathematics based activities 
with teacher and peer facilitated discourse.  They argued that shared discussions 
provided meaningful opportunities for students to explain, create, and build on 
mathematical knowledge and understanding. Similarly, Cobb (2010) suggested that 
“an approach of this type helps us to move beyond an exclusive focus on what people 
currently do not know or cannot do and orients us to view their current practices as 
resources on which to build when supporting their learning” (p. 12). Evidence of 
individual student understanding then was obtained when teachers observed students 
engaged with tasks, used questioning strategies to probe individual knowledge during 
tasks, and recorded student explanations during explorations (Stephen et al., 2014).  
By implementing constructivist pedagogical approaches to design the four 
assessment activities this study was able to identify the participants’ knowledge and 
strategies as they demonstrated and described their conceptual and procedural 
understanding, fluency, and reasoning proficiencies. The researcher was able to 
identify the unique realities of each of the participants as they worked independently 
and with others to represent times on personally constructed analogue and digital 
clocks. The one-to-one interview followed the assessment activities and incorporated 
participant work samples for further discussion and reflection.  
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2.4 SUMMARY AND IMPLICATIONS FOR THIS INTRINSIC CASE 
STUDY 
The work by Andersson (2008) and Burny et al. (2012) highlight the procedural 
and memory retrieval difficulties of students with MD when reading both analogue 
and digital clocks. Their studies report erroneous procedures and strategies made by 
primary aged children when clock reading. Burny et al. (2012) concluded 
investigations into spatial misconceptions experienced by children who have MD 
“remain unclear” (p. 352). An analogue clock is spatially constructed and visually 
represented as a multi-scaled (minutes and hours) circular number line. Previous 
investigations into a child’s understanding of spatial orientation when telling times on 
an analogue clock have provided insight into this area. Spatial and temporal terms in 
the English language are achieved at different stages in a child’s development and 
misunderstandings can occur when metaphors about time domains are expressed using 
spatial ideas (Casasanto et al., 2010). Digital clocks offer other complexities even 
though the developmental concepts and mundane time expressions remain the same. 
More recent research focused on the accuracy of “transforming analogue clock times 
into digital format and vice versa” (Burny et al., 2012, p. 352).  
The literature on rational number sense and skills have focused on accuracy in 
the arithmetic domain and “the nature and trajectories of difficulties” experienced by 
students with MLD and LA (Mazzocco et al., 2013, p. 372). It would be reasonable to 
assume that children must integrate fraction concepts with other mathematical content 
and cognitive systems, yet no scholarly attention could be found examining rational 
number concepts employed in time tasks.  Research has also identified the difficulties 
faced by some children recalling mathematical facts (Burny et al., 2012; Geary, 2004).  
The research findings provided within this literature review offer information 
regarding competencies and difficulties experienced by children involved with telling 
time using fraction knowledge, mundane language, and clock representations. A 
significant number of these studies have principally analysed results based on 
quantitative design paradigms. This research study provided a different perspective by 
employing an intrinsic case study methodology, underpinned by constructivist 
pedagogy of learning to explore the sub-competencies for telling time used by children 
who have LD. A specific focus was to examine the fraction knowledge and associated 
knowledge, as a factor contributing to the mastery of telling time. 
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 Educational implications for teachers emphasized by Burny et al. (2012) 
identified the importance of early identification of specific time skill misconceptions 
and the need for individually targeted, explicit intervention for children experiencing 
difficulties. Similarly, Mazzocco et al. (2013) stated that “knowledge of the sources of 
errors in fractions knowledge informs instructional practices” (p. 372). This statement 
supports the view that precise assessment informs instruction and tracks student 
progress. The findings from this research build on and contribute to accurate 
identification of the knowledge that Year 4 children who have LD select and use when 
telling half past, quarter past, and quarter to hour time on an analogue and digital clock. 
Furthermore, findings will inform teaching practices and targeted intervention 
strategies in response to the unique learning needs of children who have LD in order 
to support excellence and equity in education. 
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Chapter 3: Methodology and Research 
Design 
This chapter presents the methodology and research design of the research. In 
Section 3.1 the qualitative methodology adopted by this research is justified. 
Following this discussion, the theoretical framework of constructivism is presented 
with an explanation of how the framework informed the research design. Intrinsic case 
study is then discussed as an appropriate research approach to explore the knowledge 
(in particular fraction knowledge) used by a group of children who have LD when 
telling time on analogue and digital clocks. Details of participant characteristics and 
selection process for the study are outlined in Section 3.2. In Section 3.3 the data 
collection methods are reported followed by an outline of the procedures implemented 
for data collection and analysis in Section 3.4. A description on how the data were 
analysed are specified in Section 3.5. Finally, in Section .3 6 ethical considerations of 
the research are discussed. 
3.1 QUALITATIVE RESEARCH 
Researchers employ different paradigms based on the questions they seek to 
answer, underpinned by a particular research tradition and philosophical perspective 
(Denzin & Lincoln, 2013; Silverman, 2013).  Before choosing a qualitative or 
quantitative approach Silverman (2013) asked researchers to consider both “as 
contemporary parts of the systematic, empirical search for knowledge” (p. 9). The use 
of qualitative methodology is a well-established approach in educational research 
(Simons, 2009; Stake, 1995). Qualitative research encompasses a broad spectrum of 
traditions and interpretive practices used to explore and investigate particular subject 
matter. A generic definition of qualitative research and the role of the qualitative 
researcher provided by Denzin and Lincoln (2013) stated, “qualitative researchers 
study things in their natural settings, attempting to make sense of or interpret 
phenomena in terms of the meanings people bring to them” (p. 7). Qualitative methods 
offer an effective way to collect data on human behaviour and the contexts with which 
social knowledge is cultivated (Tracy, 2010). Although, quantitative approaches 
dominate mathematics research, studies interested in the mathematical processes and 
 36 Chapter 3: Methodology and Research Design 
strategies used by participants in natural environments may be found (Boulton-Lewis 
et al., 1997, Lewis, 2014; Pacini-Ketchabaw, 2012; Williams 2004, 2012).  
Quantitative research has focused on measuring participant performance using 
mathematical formulas to analyse functional relationships (Denzin & Lincoln, 2013). 
Quantitative researchers interested in competencies and deficits of individual ability 
or perspective within a large group, collect data and report findings using “remote, 
inferential empirical methods and materials” (Denzin & Lincoln, 2013, p. 19). In 
mathematics education, quantitative research has been employed to examine and 
measure individual differences of a selected group, to determine conceptual or 
procedural mathematical developmental, or test hypothesis across multiple areas, skills 
or groups. The aim and purpose of the present study was to explore the knowledge and 
understanding of Year 4 children who have LD when telling time within collaborative 
situations. Thus for the present study it seemed appropriate to employ a qualitative 
paradigm in light of the researcher’s interest involving the participants’ perspective 
and consideration of context.  
3.1.1 Constructivist research paradigm 
The constructivist paradigm defines the nature of knowledge as “cognitively 
constructed from experience and interaction of the individual and with others” (Denzin 
& Lincoln, 2013, p. 219). Denzin and Lincoln (2013) examined the interpretative 
constructivist paradigm structure in extensive detail. “The constructivist paradigm 
assumes a relativist ontology (there are multiple realities) a subjectivist epistemology 
(knower and respondent co-create meanings) and a naturalistic (in the natural world) 
set of methodological procedures” (p. 27). Constructivist epistemology positions the 
child as an “actor rather than a spectator” (Phillips, 1996, p. 11) in real world 
experiences. The Constructivist paradigm encapsulates a diverse range of 
interpretations, variations and approaches (Windschitl, 2002; Woodward, 2002). For 
example, the key ontological difference between cognitive and social constructivism 
is the assumption that cognitive knowledge is based on individual and personal 
experiences (internal structure) as opposed to the social and cultural construction 
(external interaction).  
The central focus of this research explored knowledge and strategies that 
children who have LD used as they participated in self-guided problem based 
assessment activities (Windschitl, 2002; Woodward, 2002). Approaches that focussed 
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on children’s conceptual knowledge, procedures and strategies rather than “dispensing 
content” (Windschitl, 2002, p. 11) were adopted. The constructivist epistemology 
provided the premise for the design of differentiated assessment activities that were 
constructivist such as building on prior learning, active, child centred, and set in a real 
world context. 
A theoretical analysis by Windschitl (2002) outlined a range of limitations and 
challenges within the paradigm. He argued that the varying epistemological 
assumptions of cognitive and social constructivism affect the pedagogical and cultural 
context of the learning environment as “the goals, learning activities, and even the 
culture of the classroom can differ dramatically” (Windschitl, 2002, p. 8). Windschitl 
(2002) identified key theoretical underpinnings of constructivism such as  
 knowledge creation is based on personal experiences;  
 meaning of knowledge is unique to the individual;  
 individuals may share similar knowledge; and 
 knowledge evolves through social interaction. 
The constructivist paradigm best suited the inquiry aims of this intrinsic case 
study because the researcher believed that children’s knowledge is based on prior 
experiences and actively constructed through personal experiences set in real world 
contexts. Furthermore, interaction with others and self-reflection elicit and refine 
conceptual knowledge.  
3.1.2 Case study design 
Case study research sets out to facilitate “exploration of a phenomenon within 
its context using a variety of data sources” (Baxter & Jack, 2008, p. 544).  Case study 
methodology is employed when the focus of the research is to come to understand the 
uniqueness and particular perspectives of the case. To achieve this aim, data are 
sourced using multiple methods. Case study methods (e.g., observations, personal 
documentation, and interviews) ensure the researcher understands the personal 
perspectives of the participant (Simons, 2009; Stake, 1995). Interpretation and 
inductive analysis of the data enabled the researcher to understand and report the 
knowledge and processes unique to the case.   
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Case studies are used in education research to explore and inform knowledge on 
educational practices and policy within a personal or political context (Simons, 2009). 
Case study research in the area of mathematics has been employed to explore and 
characterise knowledge and strategies of participants as they engage in different 
Mathematical domains and contexts (Abdullah, 2014; Hardman, 2005; Keijzer & 
Terwel, 2004; Lewis, 2014). For example in her case study of two students with MLD, 
Lewis (2014) identified the fraction knowledge persistently described and used by the 
participants during six weekly intervention tutoring sessions. Lewis (2014) used case 
study design to obtain further in-depth information on the “persistent understandings 
that emerged in each of the cases” (p. 363).  
A range of case study types are defined and characterised by prominent 
researchers such as Simons (2009), Stake (1995), and Yin (2009). These definitions 
are underpinned by the world view and traditions of the proponent. Stake (1995) 
described three different types of case study. Intrinsic case study is characterised 
according to an intrinsic interest the researcher may have about a particular case.  
Instrumental case study is used to understand something other than the case itself while 
collective case study draws comparisons within and between several cases. 
Furthermore, Stake (1995) pointed out the key issue for any case study research as the 
“opportunity to learn” (p. 6). Following this view, an intrinsic case study design best 
suits the present research purposes. The case in this instance can be defined as a group 
of Year 4 children who use analogue and digital clocks to tell half past, quarter past, 
and quarter to time. The group of nine children who were in a Queensland primary 
school had demonstrated characteristics of LD (refer to Section 3.2 for characteristics 
used to define LD for this intrinsic case study). 
The structure and flexibility of the intrinsic case study approach permitted the 
researcher to capture the complexities of telling the time for Year 4 children who have 
LD. The phenomenon of telling the time is an extremely important life skill necessary 
for the coordination of the daily routines for society. Providing a real world context 
for the Year 4 children to describe and use their knowledge and procedures was an 
integral element of this intrinsic case study. The instructional principles were relevant 
to this research as Year 4 children who have LD actively construct knowledge from 
personal experiences, independently and collaboratively, to mediate understanding. To 
observe children in an environment that encouraged discussion of knowledge, 
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procedures, and strategies are selected, used, and described was an important element 
for the current study. By employing an intrinsic case study design the researcher was 
able to come to a deep understanding of the perspectives of Year 4 children who have 
LD when telling the time in a comprehensive way.  
In the following Section participant characteristics, selection process and sample 
size are reported. The site selected for the study and factors contributing to the 
selection are also discussed.   
3.2 PARTICIPANTS AND SITE SELECTION 
The participants for this research were children enrolled in Year 4 at a middle-
low socio-economic government state school (Education Queensland’s North Coast 
Region) in an urban area. Data provided by the school reported approximately 15% of 
the 2015 Year 4 cohort were identified as children who have LD. This year level was 
selected due to the findings provided from established research that identified an age-
related sequence with telling the time. Friedman and Laycock (1989) reported from 
their research results that most children could identify quarter past and quarter to times 
and times showing five minute and one minute intervals by 8 to 10 years of age. This 
result as well as results from related studies (e.g., Andersson, 2008; Burny et al., 2012; 
Boulton-Lewis et al., 1997; 1989; Vakali, 1991) suggested that children continue to 
develop proficiency with telling time until 11 years of age. Therefore children from 
Year 4 are within the expected age-related ability and have experienced curriculum 
content associated with telling half past, quarter past, and quarter to time. This was 
important because the focus of this study was to find out what knowledge children who 
have LD selected and used when telling half hour, quarter past and quarter to times 
 Queensland government schools are mandated to implement processes and 
procedures to recognise and support children who have persistent difficulties accessing 
curriculum content in Numeracy and Literacy. The approach used to identify 
participants for this study was implemented by the school staff in accordance with the 
DET policy ‘A whole school approach to support student learning’ (2015). The 
ST(LaN) and three Year 4 class teachers were informed by current student 
performance data when identifying possible participants for this research. Those 
children not meeting Year 4 achievement standards in Literacy and Numeracy were 
identified. Data from previous Year level reports and Year 3 National Assessment 
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Program Literacy and Numeracy (NAPLAN) results were used by the teachers to 
provide supplementary information when considering possible participants for the 
research.  
Furthermore children who demonstrated persistent problems with their learning, 
required modified instruction (e.g., placement in lower two groups of streamed ability 
maths groups and reading groups), and adjustments to curriculum content were 
considered possible participants for the study as indicated in Figure 2.12. The ST(LaN) 
and three class teachers’ observations of individuals’ performance and learning needs 
during class instruction provided further evidence for participant selection. 
Collectively, these factors were considered characteristics defining LD classification. 
Accordingly, information provided by the ST(LaN) and class teachers regarding 
content specific adjustments and scaffolded instruction requirements implemented for 
participants in general classroom lesson design were used to inform instructional 
approaches and content adjustments in the research assessment activity sessions and 
one-to-one interviews. Children diagnosed with a disability (e.g., Intellectual 
Disability or Speech Language Impairment) or who demonstrated chronic absenteeism 
were not approached to volunteer for the study.  
The initial identification process conducted by the ST(LaN) and Year 4 teachers 
selected twenty-five possible participants. A Parent/carer information form including 
details of an information presentation at the school site and parent/carer consent form 
were sent to twenty-five possible participants by the class teachers. No parents/carers 
attended the information presentation offered. The researcher was informed by the 
school Principal, ST(LaN), and Year 4 class teachers of poor attendance by 
parents/carers to previous curriculum information sessions due to work commitments 
or parent/carers educational ability or previous personal educational experience. 
Eleven children in Year 4 volunteered to participate in the research. The sample 
consisted of four boys and seven girls who have LD and were 9 or 10 years of age.  
The eleven consenting participants were placed into two groups of five and six. 
The ST(LaN) assembled the two groups based on class teacher and ST(LaN) 
knowledge of the participants’ learning and behavioural needs, timetabling 
requirements (e.g., specialist lessons such as music and physical education), and class 
teachers’ requests. At the time of the data collection only nine of the eleven participants 
were able to partake in the four assessment activity sessions due to a severe flu 
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epidemic. The first group (G1) consisted of two boys and two girls in Year 4 (Finlay, 
Pat, Darcy, and Hayden). Two boys and three girls (Dakota, Blake, Emmerson, Finley, 
and Waverly) in Year 4 formed the second group (G2).  
The researcher chose the primary school setting due to 25 years teaching 
experience in this area. The research was conducted on a school site based on 
convenience, accessibility, and prior professional connections. In order to gain access 
the participants in both group and individual settings this research was conducted 
during school hours at one school site. The research methods for this study are reported 
in further detail in the following Section.  
3.3 RESEARCH METHODS 
Qualitative methods have been chosen for this research study because “these 
methods ensure an adequate dialog between the researchers and those with whom they 
interact in order to collaboratively construct a meaningful reality” (Denzin & Lincoln, 
2011, p. 105). This type of approach is also aligned with constructivist methods of 
inquiry. The collaborative relationship established between the researcher and the 
participants created shared opportunities for individuals’ to demonstrate and describe 
what they knew about telling the time and the half hour, quarter past, and quarter to 
times they could do using an analogue and digital clock. Mazzocco et al. (2013) stated 
“querying children who have regard to strategy used... may be more informative than 
their overall accuracy at solving problems” (p. 384). Engaging in discussions, and 
probing for further explanations during and after the participants recorded times on 
their constructed clocks allowed the researcher to study a selected population of 
children who have diverse learning needs that may not have been achieved using other 
research methods.  
Case study methodology employs numerous data sources, so that information 
can be collected and cross checked which in turn supports data credibility and validity 
(Silverman, 2009).  The data gathering procedure implemented for the study initially 
involved documenting observations and field notes recorded during the four 
assessment activity sessions. The four assessment activity sessions were also audio 
recording recorded and later transcribed for further analysis. Personal work samples 
were collected while photographs of personal work samples of constructed clock 
representations were also recorded during the four assessment activity sessions. 
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Finally a one-to-one semi-structured interview was conducted with each participant. 
Each one-to-one semi-structured interview was audio-recorded and transcribed for 
further analysis. Photographs of personal work samples of constructed clock 
representations were also recorded during the one-to-one semi-structured interview. 
An overview of the methods used in this research linked to the research questions is 
provided in Table 3.1. 
Table 3.1 
Overview of Methods 
 
Research Questions 
 
List of observable, recordable, 
and assessable aspects 
 
 Methods to access aspects in 
previous column 
 
What fraction knowledge and 
other domain specific 
knowledge do children who 
have LD demonstrate when 
telling the time? 
 
Fraction specific language 
used half and quarter to 
describe part-whole 
interpretation, skip count by 
fives, and arithmetic 
procedures selected and used; 
identify and record numerals to 
45; recall and use time facts 
 
Fraction specific text used half 
and quarter recorded; record 
numerals to 45  
 
Explanation and self-reflection 
describing conceptual and 
procedural processes and 
strategies for fractions, 
arithmetic, and number when 
telling time communicated 
 
 
Observations, one-to-one 
interview 
 
 
 
 
 
 
 
Student work samples, photos 
of constructed clock 
representations 
 
Observations, one-to-one 
interview 
 
What mundane time 
expressions do children who 
have LD encode, describe, 
and write as text when telling 
the time? 
 
Communicated mundane time 
expressions (e.g., half past two 
and two thirty); recorded 
mundane time expressions as 
text (e.g., quarter past ten and 
ten fifteen) 
 
Mundane time expressions 
recorded as text   
 
Explanation and self-reflection 
describing use of relative and 
absolute time systems to tell 
time communicated 
 
 
Observations, one-to-one 
interview 
 
 
 
 
 
Student work samples  
 
 
Observations, one-to-one 
interview 
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What knowledge about clock 
representations do children 
who have LD demonstrate 
when telling the time? 
 
Identify and describe analogue 
clock characteristics; Identify 
and describe digital clock 
characteristics 
 
Demonstrate and record times 
on constructed analogue and 
digital clocks; as pictorial 
representations 
 
Explanation and self-reflection 
describing use of analogue and 
digital clock characteristics for 
recording time communicated 
 
Observations, one-to-one 
interview 
 
 
 
Student work samples  
 
 
 
 
Observations, one-to-one 
interview 
3.3.1 Observations and field notes 
As a participant observer, the researcher was able to observe the actions and 
interactions of the nine participants and the materials they used during the four 
assessment activities. The assessment activities used in this research are based on 
constructivist pedagogical approaches and instruction strategies as discussed in 
Chapter 2. The assessment activities were designed to provide opportunities for 
participants to demonstrate their knowledge and promote explanatory conversations 
with peers and the researcher. The format of the assessment activity sessions were 
designed to replicate instruction and activity presentation similar to that of a class 
lesson as well as providing opportunities for participants to describe and demonstrate 
telling the time “naturally” (Silverman, 2013, p. 132) during the sessions (see 
Appendices A, B, C, D). Constructivist pedagogical approaches were also considered 
when designing the room setting such as: 
 the resources and materials to be used by participants to complement 
preferred modes of learning; 
 how these resources and materials were displayed and accessed by the 
participants; 
 creation of spaces to cater for a variety of instructional practices (e.g., 
collaboration with peers or researcher, independent work or use of 
technology and manipulatives); and 
 appropriate classroom room set up for the students to construct and 
demonstrate their clock representations (see Appendix E).   
Each assessment activity session began with a researcher-lead discussion 
intended to encourage the participants to share their personal knowledge and strategies 
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used to tell the time. Next a picture book (different book for each activity session) from 
the Scaredy Squirrel series by Melanie Watt (2006, 2007 & 2008) was read by the 
researcher. Student engagement was stimulated by asking open-ended questions and 
probes throughout the reading. After the book reading, participants were asked to state 
possible activities for the book character (Scaredy Squirrel) to do. Activity suggestions 
were scribed by the researcher onto separate cards. Participants were then given the 
option to work individually or collaboratively to enact or represent three suggested 
character activities (from the scribed activity cards).  
The participants recorded three times on their constructed analogue and digital 
clocks (same clocks used in the four activity sessions) to match each chosen character 
activity. Finally, participants were instructed to transfer the times displayed on their 
constructed clocks to pictorial clock representations and written text on a recording 
sheet (see Appendix F). Visual representations (photographs) of the participants’ 
constructed clock representations and displayed times were documented by the 
researcher. Each session concluded with a whole group discussion. This shared 
reflection was necessary to explore the knowledge or strategies identified and used by 
the participants to represent and record the three times. Observations were recorded as 
descriptive field notes during (where possible) and directly after each activity session. 
Advantages of keeping notes while observing naturally occurring situations supported 
simultaneous recorded details of participant interactions, preference of ways to 
demonstrate knowledge, and additional probes used to clarify participants meaning 
(Silverman, 2013; Simons, 2009; Stake, 1995). Recorded observations provided data 
on the participants: 
 mathematical knowledge and strategies selected and used;  
 mundane time expressions described and written in text; and  
 knowledge of clock representations identified and described by the 
participants. 
Participants’ interactions with peers were also documented. Furthermore, 
field notes taken during the assessment activity sessions allowed for the collection of 
data (demonstrated knowledge) from those less articulate such as children who have 
LD (Simons, 2009).   
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Audio-recordings of the four assessment activity sessions were transcribed and 
compared with the data recorded to substantiate the data accuracy. Additional data 
such as specific knowledge content discussed between participants, participant 
interactions and participant engagement and attention to activity not initially 
acknowledged when recording observations were also identified from the 
transcriptions of the four activity sessions. Observational data collected during the four 
activity sessions were used to cross-check evidence gathered in the one-to-one 
interviews and participant work samples. In addition, validity of the evidence from the 
field notes was strengthened when considered in conjunction with data from the 
participant work samples and one-to-one interviews. The field notes template was 
created based on the focus task and mathematical processes and skills identified in the 
assessment activity plans (see Appendix G).   
3.3.2 Personal documents 
Data collected from personal documents assist in providing a greater depth of 
understanding of the central phenomenon in empirical research (Simons, 2009). 
Participants’ personal documents such as constructed clock representations and 
recording sheets provided evidence of the participants’ mathematical and clock 
representation knowledge and associated procedures and strategies. Simons (2009) 
reported the richness of data that may be gathered from personal documents as they 
capture “the beliefs and attitudes of the writer” (p. 223). Photographs of times 
displayed on the participants’ constructed clock representations and recording sheets 
documented valuable data related to the selection and use of fractions, arithmetic, and 
number concepts and skills when telling half hour, quarter past, and quarter to hour 
time.  Furthermore, evidence of both relative and absolute time expressions written in 
text were recorded on the participants’ recording sheets and collected at the end of 
each assessment activity session.  
Participants chose one of the three relative times (half past, quarter past or 
quarter to) to represent on their constructed analogue and digital clocks in each activity 
session (see Appendices N, O, P, Q, R, S, T, U, V, W, X, Y, Z, AA, AB, AC, AD, AE, 
AF, AG, AH, AI, AJ, AK, AL, and AM). The participants nominated three different 
times (e.g., half past two, half past six, half past ten) to describe and represent on their 
constructed clocks. The participants transposed the three times from their constructed 
clocks to an individual recording sheet (see Appendices AO, AP, AQ, AR, AS, and 
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AT). The participants were also asked to record each time in words (no instruction was 
stated to the specific use of either relative or absolute expressions). The recording sheet 
contained:  
 analogue and digital clock pictorial representations;  
 space for text; and 
 space for participants to illustrate the character activity.  
3.3.3 One-to-one semi-structured interview 
One of the most common instruments used to collect data in qualitative research 
is an interview (Hamilton & Corbett-Whittier, 2013; Simons, 2009; Stake, 1995). One-
on-one interviews provided an opportunity to corroborate observational data and 
confirm themes emerging from recorded observations and personal work documents 
(Simons, 2009). During the one-to-one semi-structured interviews comprehensive data 
of individual mathematical and clock representation knowledge and time expressions 
were described by the participants.  
One (15-30 minute) one-on-one semi-structured interview was conducted with 
each participant (see Appendix H). The interview questions were designed by the 
researcher and are underpinned by the mathematical knowledge and processes 
identified in the assessment activity sessions. Development of the interview structure 
and question design included components suggested by Silverman (2013) and Simons 
(2009). The interview design generated by the researcher contained: 
 statements about the focus of the interview;  
 sequenced questions to address the research questions; and 
 reflective questions to link prior knowledge demonstrated and described 
in the assessment activity sessions and further explanation. 
The first three questions of the one-to-one interview incorporated photographs 
of half hour, quarter past and quarter to times displayed on the participants constructed 
clocks from the four assessment activities. Open-ended questions specifically about 
these representations were asked to promote familiarity and encourage each participant 
to talk about telling the time from a personal experience. Use of familiar resources and 
individual work samples were implemented to provide a scaffold to focus participant 
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engagement but also to confirm and extend information provided by the participants 
during the assessment activity sessions.  
Question 4 continued the line of inquiry and provided an opportunity for critical 
and interpretative discourse as each participant described their thinking while 
demonstrating half past, quarter past, and quarter to times on their constructed 
analogue and digital clocks (used in the four assessment activity sessions). Question 5 
specifically sought to identify participants’ knowledge and use of relative and absolute 
time expressions. Questions 6 through 11, gave the researcher additional information 
relating to clock representation preference and use in a real world context. The 
researcher used probes throughout the entire interview as a means to clarify participant 
thinking and encourage further elaboration on their knowledge, procedures, and 
strategies when telling the time.  
The one-to-one interviews were audio-recorded using a digital recording device 
and then transcribed for further analysis. Photographs of the times demonstrated and 
displayed on their constructed clock representations during the one-to-one interview 
were also recorded for further analysis. The researcher also recorded anecdotal notes 
of the participants’ actions during the interview and personal reflections on completion 
of each interview in order to document a comprehensive and accurate description of 
the case. The one-to-one interviews provided an opportunity for the participants to 
express their thoughts and ideas constructed from the assessment activity sessions in a 
personal concentrated situation.  
Data collected from the assessment activity sessions and one-to-one interview 
using case study methods align with the constructivist theoretical underpinnings that 
knowledge creation is based on personal experiences; meaning of knowledge is unique 
to the individual; individuals may share similar knowledge; and knowledge can evolve 
through social interaction (Windschitl, 2002; Woodward 2002). Observing children as 
they described and represented time on personally constructed clocks during the four 
assessment activity sessions provided opportunities for the researcher to document 
knowledge and procedures relating to mathematics, mundane time expressions and 
clock representations. Collecting personal documents provided evidence of the 
knowledge and skills demonstrated by participants related to clock characteristics and 
time expressions recorded as text. Conducting one-on-one interviews provided a 
focused opportunity to probe further each participant’s constructed knowledge from 
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the assessment activity sessions. Furthermore, open-ended questions designed to probe 
participant reflection on thinking and reasoning when telling time provided further 
data on mathematical strategies, clock representation preference, and knowledge of 
clock characteristics. The diverse use of data collection approaches supports validity 
as an array of evidence assists to define the facts of the research (Bickman & Rog, 
1998). 
It is important to acknowledge the multiple roles of the researcher as part of the 
research process. For this intrinsic case study the researcher adopted the principal role 
for implementing research design, data gathering, and data analysis. As a participant 
observer during the data collection phase of the research, the goal of the researcher 
was to implement the instructional sequence of the activity plans with fidelity and 
engage with the participants, collaboratively. As assessment activity content and 
precodes had been established prior to data collection, key research issues were known 
by the researcher. During the data gathering process the researcher attempted to 
contain any preconceived notions by adopting a technique of open-ended questioning 
when interacting with the participants during the four assessment activities and one-
to-one semi-structured interview. Probes were also used to clarify any statements made 
or actions demonstrated by the participants to support an understanding of the evidence 
given. The researcher was able to focus on what the participants described and 
demonstrated as knowledge because the assessment activities were not designed to 
teach the participants. Furthermore the researcher was not distracted by whether or not 
instruction strategies may have influenced any knowledge, procedures, or strategies 
selected and used by the participants.  
The procedure and timeline implemented for this research are discussed in 
further detail in the following Section.  
3.4 PROCEDURE AND TIMELINE 
Ethical clearance from the university and the state government education 
department was obtained as an initial action of the data collection phase. A preliminary 
meeting with the Principal of the chosen public school was then conducted on the 
school site. At this meeting an overview of the research was presented along with 
examples of the assessment activity plans and interview questions. Ethical 
documentation (e.g., Principal information and consent forms and Parent/carer 
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information and consent forms for 25 possible participants) was provided and 
authorised by the principal. A time line for research data collection was also negotiated 
during the meeting.  
The ST(LaN) teacher conducted discussions with the Year 4 teachers to provide 
details of the research and identified twenty-five possible participants for the study 
following the initial meeting. The class teachers sent parent/carer information and 
consent forms to the parents of possible participants. Two weeks after the information 
and consent forms were distributed a meeting was offered to the parents/carers of the 
twenty-five possible participants to provide details of the research and answer any 
questions pertaining to the study. Formal authorisation for their child to participate in 
the research was provided by the Parent/carer upon completion of the consent form. 
The collection and recording of data was conducted over a period of three weeks. 
Situational data were recorded and collected in a designated resource room on the 
school site familiar to the participants. The four assessment activity sessions were 
conducted over a 2 week period (two activity sessions a week with two groups). In the 
third week, the researcher conducted a 15-30 minute one-on-one, semi-structured 
interview with each participant in an office located opposite the resource room. The 
interviews were conducted over two consecutive days in the third week of data 
collection.  
Table 3.2 provides a timeline for the procedures that were enacted for the 
collection and recording of data. 
Table 3.2 
Data Collection Procedures Timeline 
Phase Activities Time Months in 
2015 
Preparation Permission received from DET and 
school administration to conduct research 
on school site 
Details of research, session plans, 
interview questions and confidentiality 
reviewed with the principal and staff of 
the school 
 
 
1 hr 
meeting 
 
 
 
 
July 
 
 
July 
 
 
July 
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Class teachers and support staff working 
with Year 4 students identification  
possible participants  
Details of research, session plans, 
interview questions and confidentiality 
were offered to the parents of possible 
participants of the research 
Consent received from parents/carers for 
their child to participate in research 
 
1 hour 
meeting 
 
July 
 
 
 
July 
Phase 1 Timetabling of sessions and 
identification of room for research 
sessions to occur designated by Principal 
and support staff teacher. Collection of 
formal documentation of participants. 
1 day July 
Phase 2 4 X 45 minute activity sessions  
(2 days per week for two weeks) 
(2 group sessions per day) 
 
4 days July/August 
Phase 3 One-on-one semi-structured interview 
with each participant (15 to 30 minutes 
per interview) 
2 days August 
3.5 DATA ANALYSIS 
This study used the following tools to explore the knowledge, procedures, and 
strategies the nine participants used when telling half past, quarter past, and quarter to 
times: (a) observations; (b) transcribed excerpts of assessment activity sessions; (c) 
one-to-one semi-structured interviews; and (d) personal documents. Initial exploratory 
analysis of data collected included immersion in the details using strategies such as 
rereading data and jotting down summary memos, concepts, and any intuitive ideas as 
they occurred. During the process of data collection, simultaneous analysis was 
inevitable (Silverman, 2013; Simons, 2009; Stake, 1995). Primarily organisation of 
data involved collating copied personal documents, transcribed excerpts of field-notes 
and interviews into file folders and computer files. The data from observations as field-
notes recorded during the assessment activity sessions, personal documents, and one-
on-one semi-structured interviews were processed and analysed by the researcher 
using inductive analysis. An inductive process of coding categories incorporated 
strategies such as “sorting, refining, refocusing, interpreting, making analytic notes, 
and finding themes” (Simons, 2009, p. 119). These processes were employed to 
ascertain the components of the participants’ understanding. The goal was to identify 
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the knowledge the participants selected to describe and demonstrate half past, quarter 
past, and quarter to times on analogue and digital clocks.  
Initially, data from observational field notes and transcribed excerpts were 
colour coded using pre-established precodes. Data from personal documents were also 
analysed using the same precodes (Simons, 2009). Criteria precodes were derived from 
the Australian Curriculum Mathematic content descriptions and achievement 
standards (ACARA, 2015a), categories based on conceptual knowledge, procedures, 
and strategies as identified in the proposed sequence for telling time (Figure 2.3) and 
sub-competencies as described in Table 2.1. These criteria precodes are presented in a 
developmental five-point scale based on current assessment of learning practices 
(Queensland Curriculum & Assessment Authority (QCAA), 2014) to identify the 
qualities of demonstrations of understanding about time (see Appendices I, J, and K).  
Next, new patterns emerging from the data were labelled using codes from 
mathematics (e.g. part-whole, counting by fives and numeral names), mundane time 
expressions (e.g., half past, thirty minutes past, and hr: thirty), clock representation 
characteristics (e.g., big hand, minute hand, and tick marks), and the researcher’s own 
phrases (e.g., thinking addition, confusion with fraction understanding, and reversal of 
clock hands). A repeated analytical cycle of processing, refining, and reducing these 
codes assisted in identifying and building major themes from the data (Stake, 1995). 
Finally, data were segmented into broad themes such as domain specific knowledge 
(Mathematics), mundane time expressions, and clock representations in order to locate 
and refine evidence to answer the research questions. To support this final process, 
knowledge webs were created to identify the broad themes, and link relevant minor 
themes when making sense of the data. These figures have been added to Chapter 4 
results sections to illustrate the connections between the themes and components 
necessary for telling time.         
3.5.1  Observations and field notes 
Following Simon’s (2012) process for analysing data, observations and field 
notes were transcribed and analysed using inductive analysis. An audio-recording 
during each assessment activity was used to substantiate observations and field notes. 
The criteria precodes used to segment and label data from personal work samples and 
visual representations were used to organising data from observations and field notes. 
Repeated reflection on observations and field notes while listening to the audio-
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recordings supported the preliminary analysis of data. As Simons (2009) stated 
“connecting themes identified through a specific analytical process may lead to a 
particular interpretation” (p. 118).  
The field note template was derived from the assessment activity plan format. 
Recorded text was segmented using codes related to the processes and strategies 
identified in the activity plan. The list of codes (e.g., clock representations, 
mathematical processes, mathematical knowledge, and mundane expressions) was 
reduced to identify themes (e.g., fraction, arithmetic, number, relative and absolute 
time expressions, and analogue and digital clock characteristics) that formed the key 
findings of this research.  
3.5.2 Personal documents 
Photographs of the three times displayed on participants’ constructed clocks 
were also recorded during each assessment activity session. Personal documents 
(recording sheets) were collected at the end of each activity session. Photographs were 
organised into categories of half past, quarter past, and quarter to times. Recording 
sheets were initially organised according to assessment activity session and then 
reorganised according to half past, quarter past, and quarter to time categories. The 
criteria precodes were used to organise, segment, and label data presented in personal 
documents and photographs on constructed clocks. Personal documents selected for 
inclusion in the research document were either examples typical of the general 
participant population or atypical evidence unique to the individual.   
3.5.3 One-to-one semi-structured interview 
All one-to-one semi-structured interviews were audio-recorded and transcribed. 
To begin with, two or three transcribed conversations were analysed to identify codes 
and possible themes. Silverman (2013) identified this process as “intensive analysis” 
(p. 62). Transcribed excerpts were colour coded by hand. Participant statements were 
cut and pasted according to precodes and any new codes identified. This initial process 
was followed by in-depth analysis to the rest of the data. Preliminary codes from the 
recorded observations and personal work samples from the assessment activity 
sessions were cross checked with interview codes. Repeating the analytical cyclic 
processes of segmenting, coding, and refining enabled the researcher to identify 
recurrent or significant codes and themes (Simons, 2009).  
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3.6 ETHICS AND LIMITATIONS 
In contemporary research, ethical considerations relating to children in research 
has received growing attention (Danby & Farrell, 2005). Alderson (2005) suggested 
that children can be appreciated as “dynamic, reasoning agents” (p. 110) with expert 
knowledge about their own experiences and environments.   As this research focused 
on children who have LD every effort was made to ensure participants were treated 
with equality, respect, and dignity. Each child was valued as an active and competent 
research participant pertaining to their knowledge and understanding with telling the 
time. 
This intrinsic case study was conducted in accordance with the Queensland 
University of Technology (QUT) proposed research ethics policies (MOPP D/6.1 & 
MOPP D/6.2) and code of conduct (MOPP D/2.6). Low risk ethics approval was 
obtained in 2015 from Queensland University of Technology in accordance with the 
National Statement of Ethical Conduct in Human Research (2014). QUT ethics 
approval number for this research is 1500000312.   
The proposed merits of the involvement of children in this intrinsic case study 
was ethically justified because data collected would provide an insight into the 
conceptual knowledge and reasoning of nine children who have unique learning 
requirements and thus inform mathematics instruction practices in the future. Guiding 
ethical values that shaped this intrinsic case study research included respect for human 
beings, research merit and integrity, justice, and  beneficence (The National Health & 
Medical Research Council, the Australian Research Council and the Australian Vice-
Chancellors’ Committee, 2014). The data for this intrinsic case study was collected at 
one state government school site during school hours. The Queensland Government 
DET provided clearance on the second of July, 2015 for this research to be conducted 
at the school site. Written, informed consent was also obtained from the school 
principal. 
An information letter (see Appendix BG) was sent to each parent/carer of the 
twenty-five possible participants as well as an opportunity to attend an information 
session. These actions were implemented so that parents/carers and participants were 
able to make an informed decision about volunteering for the study. A written 
statement of consent (see Appendix BH) was received from the parents/carers of the 
participants who agreed to volunteer for the research.  In addition, participant consent 
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was included on the written statement of consent form. A formal confirmation letter 
(see Appendix BI) was sent to each parent/carer that provided contact details of the 
researcher for future queries outside the research episodes.  
Prior to the start of the assessment activity sessions, participants were also 
involved in a group discussion to clarify the purpose of the research and answer any 
questions regarding the research process and procedures. Their capacity to withdraw 
from the study at any time was also emphasized.  
Maintaining confidentiality and privacy of the participants and school was 
paramount to the researcher when describing and recording results and discussions in 
this document. Procedures to ensure anonymity of participants and department site 
were employed such as replacing identifiers with pseudonyms and general labels on 
hard copy documents, and when making reference to data in non-identifiable written 
documentation (e.g., Thesis, staff meeting presentation, and summary reports). Data 
was stored securely to ensure privacy was protected.  
At all times the researcher followed and implemented appropriate internal 
(specific to the school site) and external (DET (Queensland) and QUT) safety 
guidelines and procedures to avoid situations that may have caused the participants 
either physical or non-physical distress or suffering. Furthermore, sensitive, 
transparent, and honest research methods were adopted to understand the experience 
and views of the participants. The researcher adopted the role of participant observer 
employing open ended questioning techniques during the assessment activity sessions. 
A combination of set questions and probing questioning techniques were used during 
the one-to-one interview. These questioning techniques could have potentially posed 
discomfort for the participants. At all times the researcher conducted the research in 
an honest manner and was sensitive to the needs of the participants. 
The limitations of this study centre on three main areas. Firstly, the research was 
conducted over a short time period (three weeks), at one specific school site with nine 
participants.  This small-scale intrinsic case study offers a narrow representation of the 
construction of knowledge, procedures and strategies used by the participants for 
telling time. Secondly, research involving the participation and perspectives of a 
particular group of children depending on their experience, ability and interest in the 
topic also limit the possibility and results of the study and may not be representative 
of the whole school community. Finally, the researcher’s experience as a teacher and 
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novice participant observer influenced the design and implementation of the 
assessment activity sessions and one-to-one semi-structures interviews as well as 
interaction with the participants. How these situations were interpreted and responded 
to by the researcher although unavoidable is inherent in the processes associated with 
qualitative research (Simons, 2009; Gray, 2013). 
In Chapter 4, evidence collected from the four assessment activity sessions and 
one-to-one interviews are reported. Results are reported in three main sections: domain 
specific knowledge (Mathematics), mundane time expressions, and clock 
representations and provide evidence to answer the research questions. 
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Chapter 4: Results 
 This chapter reports the results from an intrinsic case study that investigated 
how a group of nine children who have LD tell half hour and quarter hour times on 
analogue and digital clocks. This intrinsic case study explored the phenomena of 
domain specific knowledge (Mathematics) fraction, arithmetic, and number 
knowledge when telling half past, quarter past, and quarter to times. Furthermore, the 
study identified whether these children use mundane time expressions such as half past 
two (relative system) or two thirty (absolute system) when telling the time, whether 
they are aware of and use characterising features specific to analogue and digital 
clocks, and what times they record on clock representations.  
 Data were gathered to address the following research questions: 
1. What fraction knowledge and other domain specific knowledge 
(Mathematics) do children who have LD demonstrate when telling the 
time?  
2. What mundane time expressions do children who have LD encode, 
describe, and write as text when telling the time?   
3. What knowledge about clock representations do children who have LD 
demonstrate when telling the time? 
 The data reported in this intrinsic case study include individual and group 
responses to four assessment activities. Qualitative data were gathered from three data 
sets:  
 observations and field notes;  
 work samples and transcribed excerpts from discussions; and  
 a single one-to-one semi-structured interview.  
 Photographs were also used to record what children did and are inserted to 
support the data. The researcher interacted only to generate discourse to investigate 
each participant’s thinking about what they knew and did when telling time. 
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 Data were organised and reported on using themes: Mathematics knowledge, 
mundane time expressions and clock representations. The researcher developed 
criteria precodes for assessment of five different levels to identify the qualities of 
demonstrations of learning about half past, quarter past, and quarter to time involving 
Mathematic knowledge, mundane time expressions, and clock representations (see 
Appendices A, B and C). Labels have been used to describe data in this chapter. For 
example, (G1 Session 1 - reflection discussion, Emmerson) refers to the participant 
group name in the study, the session position in the sequence of the four assessment 
activities, the reflective discussion after the completion of the activity and the 
participant’s pseudonym. 
 This chapter is organised into four major sections: 
 Section 4.1 reports the participants’ use of domain specific knowledge 
(Mathematics): fractions, arithmetic, and number to demonstrate and 
describe times;  
 Section 4.2. reports the participants’ use of mundane time expressions to 
describe and record times;   
 Section 4.3 reports the participants’ use of clock representations when 
telling the time; and 
 Section 4.4 summary demonstrates the connections among fraction 
knowledge, number, and arithmetic, mundane time expressions and 
clock representations. 
4.1 DOMAIN SPECIFIC KNOWEDGE (MATHEMATICS) 
 Data gathered addressed question one of this research. Domain specific 
knowledge in mathematics strand of Number and Algebra includes the sub-strands: 
fractions, arithmetic, and number. The decision to create these three as sub-themes, to 
identify mathematical components necessary for telling time, was supported by the 
work of Burny and colleagues (2012), Geary (2004), Hecht & Vagi (2010), Jordan and 
colleagues (2013), Mazzocco and colleagues (2013), and Vukovic and colleagues 
(2013). The following Sections report:  
 4.1.1 Fractions includes the conceptual knowledge that is part-whole 
interpretations, fraction models such as area and number line and text for 
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fractions such as half and quarter. Fractions also includes the procedural 
knowledge developed through arithmetic to determine equal parts; 
 4.1.2 Arithmetic includes conceptual understandings required for skip 
counting, addition, subtraction, multiplication and division processes and 
procedural understandings used to determine half and quarter hour times; 
and 
 4.1.3 Number includes counting in sequence to 60, conceptual 
understanding of time facts such as one hour equals sixty minutes and 
knowledge of and procedural understanding to write numerals when 
recording times. 
 Figure 4.1 was designed for reporting the sub-theme components and shows 
the domain specific knowledge (Mathematics) required for understanding, fluency, 
reasoning and problem solving when telling time on analogue and digital clocks for 
any child. 
 
 
Figure 4.1. Domain specific knowledge (Mathematics) components: number, arithmetic, and fractions 
required for telling the time (Based on the work and theories of: ACARA, 2015a; Burny et al., 2012; 
Geary, 2004; Hecht & Vagi, 2010; Jordan et al., 2013; Mazzocco et al., 2013; Vukovic et al., 2014). 
 The following Section reports on the fraction knowledge that LD participants 
selected and used during this intrinsic case study.  
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4.1.1 Fractions 
Fraction conceptual knowledge associated with telling the time includes being 
aware of the fractional parts; half and quarter, and identifying when to use it. Such 
conceptual knowledge involves part-whole understanding where a whole (an hour), is 
partitioned into equal parts either two half hours or four quarter hours. It also includes 
the use of models either physically or mentally (Area model of the analogue clock 
face, number line model for the digital clock).  
In addition, written fraction text (half, quarter) are used to record time. Evidence 
of written fraction text, is provided in Section 4.2.2 relative and absolute systems as 
text.  
Furthermore, the analogue clock characteristic features; hour and minute hands, 
involve part-whole understanding to be positioned to tell half hour and quarter hour 
times. Evidence of participants’ knowledge of the function and positioning of the 
analogue clock hands are provided in Section 4.3.1. 
Fraction procedural knowledge is integrated with the learned procedures 
participants select and use when adding, subtracting, multiplying, and dividing aspects 
of time. Evidence is provided in Section 4.1.2 Arithmetic.  
The following is evidence from Hayden, Emmerson, Waverly, Darcy and Finlay 
supporting the use of fraction conceptual knowledge when telling the times. 
Photographs, which may depict misunderstandings that are not fraction related are also 
provided. These misunderstandings are reported in Sections 4.2 and 4.3 of this chapter.  
Hayden used domain specific knowledge: fractions (part-whole interpretation, 
four quarters in the clock), arithmetic (counting, backwards in fives; partitioning area 
model, one to the three would be the first quarter) and number (numerals to write on 
his digital clock, I put nine forty-five on the digital clock). He also used clock 
representations placing numerals in order round the analogue clock face but not 
equally spaced (sixty which is the twelve) as in Figure 4.2.  
Hayden  I counted, I counted backwards from sixty in fives and worked out that it was forty-
  five and, and the, then I put the hands on nine forty-five because that was my time 
  and I put nine-forty five on the digital clock.  
HC  How did you think fractionally? What was your thinking? 
Hayden  I thought, well, it’s quarter to, so, I worked out that there was four quarters in the 
  clock and if it was quarter to then, then from the one to the three would be the first 
  quarter, then three to six would be the second, and then the third quarter would be 
  six to nine, and then, and then I started counting backwards in fives from the sixty 
  which is the twelve. (Interview, Hayden) 
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Figure 4.2. Hayden recorded quarter to ten on an analogue and digital clock. 
Hayden appeared to use conceptual understandings of fractions with certainty. 
Hayden integrated conceptual knowledge with procedural knowledge as he located 
one quarter of four equal parts for minutes on the analogue clock even though he 
worked out the quarter saying it was from one to three. Hayden stated the position of 
the clock hands for the time named. When asked he did not describe fraction 
knowledge of partitioning to position the hour hand. Hayden pointed the hour hand 
directly to the numeral one rather than halfway between the hour values of numerals 1 
and 2 on his constructed clock as represented in Figure 4.3. 
 I’m using my fractions to help me figure out the quarter past and quarter to so I don’t get mixed 
 up, and I’m thinking of the first quarter, which is twelve to three but we need one so I put one 
 for the little hand which is the hour hand and the big one on the three which is the minute hand. 
 (Interview, Hayden) 
 
Figure 4.3. Hayden recorded quarter past one on an analogue and digital clock. 
 Emmerson stated the connection between part-whole and gestured clockwise 
movement and stopped at half way on her constructed analogue clock. She appeared 
to be physically partitioning the area model as she said goes half, during session one. 
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 You need to know like halves, like of when it goes half, you need to know like is it ten thirty, 
 like that. (G2 Session 1 – reflection, Emmerson) 
 Emmerson relied on physical gesturing to demonstrate half however her 
conceptual understanding of quarter time did not use partitioning into four equal parts 
either by gesturing or by describing cognitive processes. She described quarter past 
one and stated the numeral 20 to represent quarter for the minute value. Emmerson 
may have linked the word quarter with the numeral four to represent four equal parts 
of a whole or she has known that a quarter is less than a half but was unclear as to 
where to position the minute hand.  However, she erroneously positioned the minute 
hand to point to the numeral 5 on her constructed analogue clock. Emmerson 
transposed the analogue quarter time to her constructed digital clock with the same 
error in thinking to work out quarter hour time as in Figure 4.4. 
HC  Can you read that time for me? 
Emmerson Quarter past one.  
HC  Great, could you show that for me? 
Emmerson So the quarter would be, so the small one will go to the mmm one, and the 
 quarter would be twenty? 
HC  Ok, and how did you work out that a quarter is twenty?  
Emmerson Because the half, because the mmm, the one I did before was the half, so and the 
  half is the thirty and so this one must be the twenty.     
  (Interview, Emmerson) 
 
 
Figure 4.4. Emmerson recorded quarter past one on an analogue and digital clock. 
 Waverly used her fraction knowledge of a real world object namely a pizza and 
used the area model to work out half, quarter to, and quarter past on the clock face 
during the one-to-one interview. She also referred to the shape of Pacman to locate 
one quarter of the clock face. 
 Yeah by showing, bout, like a piece, of pizza? Cause you know its quarter or a half of pizza 
 and that’s and there’s a full and then there’s a half there. Bout’ quarter to, bout like, like 
 Pacman, basically like that. (Interview, Waverly)  
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 Waverly recalled the conceptual understanding of fractions, “quarter is half 
half’ when working out one quarter as a part of a whole by repeated halving to make 
smaller equal parts.  She was able to state the process of partitioning (quarter of the 
way) but did not expand further on the concept of equal parts. Waverly did not 
acknowledge the difference between past and to. Nor did she apply the arithmetic 
procedure of taking away a quarter from the next hour (whole) to record quarter to six 
as represented in Figure 4.5. 
HC  Quarter to six, Can you show that on your clocks for me? 
Waverly  [turned the clock hands on the analogue clock and positioned numerals on the  
  digital clock].  
HC  Ok, tell me your thinking while you were working that out.  
Waverly  Cause I know a quarter is half half; quarter of the way. 
HC  Aha. 
Waverly  And then six hours. (Interview, Waverly) 
 
 
Figure 4.5. Waverly recorded quarter to six on an analogue and digital clock. 
 Darcy’s fraction knowledge was based on using fraction words that may have 
been familiar to him in an everyday context such as quarter. Darcy stated an erroneous 
time fact Fifteen is a quarter of ten minutes. He used the arithmetic procedure of counting 
by fives on the analogue clock to check his clock representations and understanding of 
mundane expressions, and number. Darcy did not use fraction knowledge and time 
facts to represent quarter past time. 
HC  So tell me your time. 
Darcy  Two fifteen. 
HC  Great, and tell me how you worked out that time? 
Darcy  So I know this is quarter? 
HC  Great. 
Darcy  And … 
HC  Quarter of what? 
Darcy  Quarter of fifteen? 
HC  Yeah, fifteen is a quarter of what? 
Darcy  Fifteen is a quarter of ten minutes. 
HC  And so then how did you know to show it on your digital? 
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Darcy  Cause two fifteen says five, ten, wait and the little one has to be two.   
  And then five ten, fifteen is two fifteen. (G1 Session 3, Darcy) 
 
 Finlay linked the fraction word quarter with the numeral 4, quarter is four. She 
may have used her knowledge of the 4 equal parts as quarters of a whole and 
erroneously interpreted quarter past as matching to the numeral 4 on the analogue 
clock face which is twenty past an hour. Finlay displayed quarter past one time on her 
personally constructed clocks as represented in Figure 4.6. 
HC  Now I’d like you to take a look at this time for me and tell me your thinking while 
  you’re using the clocks. Tell me how you’re working that out. So what’s the time on 
  the? [Finlay displays quarter past one on the clocks]. 
Finlay  I know that, I know that fractions, that quarter is four?  
HC  Ok. 
Finlay  And the one, is the minute hand so I just put the small hand on the   
 one. 
HC  Uhum. 
Finlay  I think it’s the other way round. 
HC  And on your digital clock, tell me your thinking on the digital clock. 
Finlay  One, the last number and quarter is twenty.  
HC  Tell me what this time is. 
Finlay  Quarter to six. 
HC  Uhum. 
Finlay  You need the small hand on the four cause that’s the last one that I did, quarter past 
  one. And I put the, yea, na, yea, the big hand on the six? Thirty that’s, six is another 
  way it stands for thirty. 
HC  Ok and you’ve got the four in the minutes there. (Interview, Finlay) 
 
 
Figure 4.6. Finlay recorded quarter past one and quarter to six on an analogue and digital clock. 
Emmerson, Darcy, and Finlay showed that they are still building their knowledge 
of fractions. They did not use arithmetic procedures to work out a quarter is fifteen 
minutes of an hour (time fact) but relied on part-whole understanding of four equal 
parts and made reference to the numeral 4 on the clock face. These participants relied 
on skip counting by fives (arithmetic) to locate relevant numerals (number). Skip 
counting presented as a useful method to locate only quarter past the hour. 
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 The evidence presented above confirms that some children who have LD can 
describe and apply fraction knowledge of part-whole interpretation and partitioning 
process with varying degrees of understanding and reasoning when telling the time.  
 The following Section reports the arithmetic and procedural understandings 
that the participants who have LD selected and used during this intrinsic case study. 
4.1.2 Arithmetic 
Arithmetic operations associated with telling the time include the application of 
addition, subtraction, multiplication, and division procedures and strategies. Initial 
application of addition conceptual knowledge may involve counting strategies, such 
as skip counting, to determine the minute position on the analogue clock. More 
sophisticated procedures associated with the relative time system allows children to 
use the addition operation with the term past (e.g., add 15 minutes to an hour to get 
quarter past an hour) and use the subtraction operation with the term to (e.g., subtract 
15 minutes from 60 minutes to get quarter to the upcoming hour). The fraction part-
whole interpretation involves the operation of dividing the whole into four equal parts 
and may also be used when telling the time. Evidence of these arithmetic procedures 
have been reported in detail in 4.1.1 Fractions 
The following provides evidence of the counting strategies used by the 
participants when telling time. All the participants in the study identified and used skip 
counting by fives on an analogue clock: counting the value of the numerals by five 
(see Appendix L). The following transcripts provide evidence of Dakota, Farren, 
Hayden, and Pat’s use of skip counting. 
Dakota stated skip counting by fives when reading and recording the minute 
value of a named time on the analogue clock. 
Dakota  Amm, you need to know how to count in fives.  
HC  And what’s the reason for needing to know how to count in fives? 
Dakota  Well, well the, the minute hand five, ten, fifteen twenty.  
  (G2 Session 1, Dakota) 
 Farren relied on skip counting by fives to identify the minute value on the 
analogue clock as recorded observations from field notes show. He consistently 
represented each time on the analogue clock before transposing the time to the digital 
clock. Farren stated the use of skip counting by fives to check times represented on the 
analogue clock when reflecting on knowledge used at the end of session 1. 
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HC  And, Farren what about you? What did you have to think about? 
Farren  I, I had to think about if it was half past, quarter past or quarter to. 
HC  Uhum, and what did you have to think about?  
Farren  I had to think about if it’s correct or something like that. 
HC  And how did you work out if it was correct? 
Farren  I counted in fives around the clock. (G2 Session 1 - reflection, Farren) 
 
 Pat associated a known counting strategy, skip counting by twos with the 
fraction word quarter. She did not expand further on the use of the procedural operation 
of adding a quarter to the current hour (whole). 
HC  Ok. What about quarter past? Is there an easy way for you to show ‘quarter 
 past’ on a clock? 
Pat  That quarter is like counting by twos. (Interview, Pat) 
 Hayden described a more efficient strategy by linking skip counting by fives 
with multiplication facts by fives to count around the analogue clock face to tell time.  
Hayden  Am, with an analogue clock you kinda’ have to know you five times   
  tables. 
HC   O.k great. And what is the reason for needing to know your five times   
  tables?  
Hayden  Because on the clock goes around in fives. (G1 Session 1, Hayden) 
 
 The following evidence reports on the use of arithmetic operations connected 
with the relative time expressions (fraction reference) used by Hayden, Darcy, 
Emmerson, and Finlay. 
 Hayden’s use of domain specific knowledge (Mathematics) including counting 
strategies and division of an area model were reported in sub-section 4.1.1 Fractions. 
In the following transcript, Hayden described the numeral 6 on the analogue clock as 
halfway. This understanding involves dividing the 12-hour circular number line into 2 
equal parts. Hayden also interpreted the numeral 6 as thirty using either a division 
operation to divide one hour (60 minutes) or accessing visuospatial memory to recall 
the landmark numeral 6 as equal to the numeral 30. 
HC   But if I’m wanting to show half past eight on the digital clock, how will I do that? 
Hayden  Eight thirty.  
HC  And how did you know it’s got to be eight thirty because I said half past? I didn’t 
  say eight thirty, I said half past. 
Hayden  Because the six represents thirty … and it’s half way. (G1 Session 1, Hayden) 
 
 Hayden identified the relative time expression quarter to as equivalent to 
fifteen minutes to the upcoming hour. Hayden described a subtraction operation 
quarter to was fifteen minutes until, until next hour to record quarter to ten on his 
constructed analogue clock. Hayden transposed the time from the analogue clock to 
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the digital clock and used counting by fives strategy to locate the minute value: forty-
five. 
HC  O.K. so what time are you doing Hayden? 
Hayden  Nine forty-five. 
HC  And so tell me what your steps were to show the times on the clocks. 
Hayden  Well, I worked out that quarter to was fifteen minutes until, until next hour? 
HC  … And how did you do that on the digital clock then? 
Hayden  I counted in fives. 
HC  On the digital clock? 
Hayden  I counted in fives and worked out that, quarter to was nine forty-five.   
  (G1 Session 4, Hayden) 
Darcy described a two-step process to tell quarter past times. He also associated 
the landmark numeral 3 with the fraction word quarter. Darcy then physically gestured 
from numerals 12, to 1, to 2, and then 3 and stated you have to go around to the three, 
recalling a learnt procedure to determine quarter hour values using the area model. 
 That I know that three is a quarter and you have to go around to the three and that’s 
 quarter past. (G1 Session 3 - reflection discussion, Darcy) 
Darcy continued to select and use his established understanding described in the 
prior example to record quarter to six time on his constructed analogue clock as 
represented in Figure 4.7.  He stated the connection with the landmark numeral 3 and 
the word quarter for naming the 15 minute value. Darcy did not use the second step in 
the process requiring the 15 minute value to be subtracted from the upcoming hour. 
Darcy also described his knowledge of the function of the analogue clock hands which 
added a further complication to his explanation. 
 Quarter to six. So the hour, the minute hand has to be on the, three because, because it has to, 
 cause quarter is the three which is fifteen and the six has to be, the hour hand has to be on the 
 six because it’s lower than the minute hand, so the minute hand is faster than the hour hand. 
 (Interview, Darcy)  
 
 
Figure 4.7. Darcy recorded quarter to six on an analogue and digital clock. 
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Emmerson recalled only when prompted that time fact that half an hour is 30 
minutes but was not sure where to position the minute hand on the analogue clock face. 
She did not demonstrate conceptual understanding of half being two equal parts of one 
hour (30 minutes). She may have been partitioning the area of the clock face between 
the numerals 12 and 9 into halves and identified the numeral 4 as half past nine.  On 
her digital clock she scribed the numeral nine on a card and placed it on the hour 
position. Emmerson erroneously assigned 5 additional minutes to the term past and 
scribed the numeral 35 (30 add 5) on another card and placed it on the minute position 
as represented in Figure 4.8. 
Emmerson So half past nine would be, so the little one on the nine and the big  one on, near 
 the four? 
HC  For half past nine? 
Emmerson So like a little bit past there, near the five. 
HC  Ok. And on the digital clock? 
Emmerson I would show, the half past is forty-five, right? 
HC  How many minutes does half mean? 
Emmerson Half is thirty. 
HC  Yep. 
Emmerson And past will be the five? (Interview, Emmerson) 
 
 
Figure 4.8. Emmerson recorded half past nine on an analogue and digital clock. 
Finlay was asked to identify an easy way to show quarter past and quarter to 
times in the interview. Her explanation of fractions attempted to describe a fraction 
fact that a quarter has four equal parts and located the numeral four on the clock face. 
Finlay continued to reiterate learned clock representations for times on analogue 
clocks. She interpreted time, to the hour, as the numeral two and again made reference 
to locating hands to the numeral two on a clock face. Finlay’s focus was on positioning 
the hands to make analogue clock representations rather than using conceptual fraction 
knowledge and procedural arithmetic understanding for quarter past and quarter to 
times.  
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HC  What is an easy way for you to show ‘quarter past’ on a clock? 
Finlay  Quarter is four, so if it was a, for instance quarter past five, I would put a small hand 
  on the four and a big hand on the five. 
HC  Thank you. And an easy way for you to show ‘quarter to’ on a clock? 
Finlay  Same way but only put the big hand on the two. (Interview, Finlay) 
 
The following provides evidence on the partitioning and division operation used 
by Hayden and Dakota when telling time. 
As a strategy to support accuracy and prevention of errors to record quarter past 
one, Hayden described the partitioning process of the area model by dividing the area 
of the analogue clock face. He integrated fraction conceptual knowledge with 
procedural knowledge to select one quarter of four equal parts on the analogue clock. 
Hayden was able to describe the connection between the relative time expression 
quarter past and the upper right quarter of the divided clock face.  He also stated his 
reasoning for positioning the clock hands on his constructed analogue clock as 
represented in Figure 4.9. 
  I’m using my fractions to help me figure out the quarter past and quarter to so I don’t get mixed 
 up, and I’m thinking of the first quarter, which is twelve to three but we need one so I put one 
 for the little hand which is the hour hand and the big one on the three which is the minute hand. 
 (Interview, Hayden) 
 
 
Figure 4.9. Hayden recorded quarter past one on an analogue and digital clock. 
Dakota described the connection between the division operation, the fraction 
process of partitioning into quarters and the relative time expression of quarter past. 
 Quarter past is like, is you divide it in four, like a quarter as in fractions.  
 (Interview, Dakota) 
Dakota used an analogue clock (area model) to demonstrate and describe the 
fraction procedure of partitioning to record the time quarter past one. She demonstrated 
the division of the analogue clock into four equal parts by descending her right hand 
vertically from the numeral 12 to the numeral 6 and then horizontally from the numeral 
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9 to the numeral 3. During the one-to-one interview, Dakota supported these actions 
with the following statement: 
 Quarter past one… We need to think of our fractions because we need our fractions for the 
 time. And I show a quarter which you divide it like that, in four. (Interview, Dakota) 
 
The following Section reports on the number knowledge that participants who 
have LD described and used during this intrinsic case study. 
4.1.3 Number 
Number knowledge associated with telling the time includes counting in 
sequence to 60: 1 to 12 (hours) for analogue and digital clock representations and 1 to 
60 (minutes) on an analogue clock and hr: 00 to hr: 59 on a digital clock. It also 
includes accessing and using learned time facts such as 1 hour equals 60 minutes or 
half of an hour equals 30 minutes when applying procedures to identify and record 
times on clock representations. Children must also be able to recognise and write 
numerals to 59 when telling and recording times on analogue and digital clocks. 
The following provides evidence on the use of counting in sequence up to 45 as 
this relates to quarter to times used by the participants when telling time. All the 
participants in the intrinsic case study were able to identify and say numbers in 
sequence to 45 (see Appendix M). Additional evidence of Emmerson and Pat’s use of 
number knowledge when telling the time are presented in the following photographic 
representations and transcribed excerpts. 
Emmerson made a great effort to record 60 tick marks when constructing her 
analogue clock as represented in Figure 4.10. She was observed counting individual 
tick marks to show the minutes during the assessment activity sessions. Emmerson 
appears to rely heavily on her knowledge of number when interpreting times. 
 
Figure 4.10. Emmerson represented 60 tick marks on an analogue clock. 
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Pat knows number representations of numerals 1, 5 and 9. She knows about odd 
and even numbers. Pat may have interpreted quarter as probably a five to position the 
minute hand on the analogue clock face. On the digital clock, she then placed the 
numeral 5 in the hour value position. Pat’s application of prior number knowledge 
erroneously complicated the processes she used to record the named time as 
represented in Figure 4.11. 
Pat  Quarter past one 
HC  Great, so what’s your thinking? 
Pat  I’ll put the one there and probably a five. So it would be five, wait, yeah five one. 
HC  Ok, alright so let’s find a five and a one, so why did you choose the five and where 
 are you going to put it? 
Pat  I will, I’ll put the five, I’m choosing the five cause I was counting by ones, one, like 
 one, like even and odds.  
HC  Ok. 
Pat  So the one, or so the five went nine and? 
HC  And so now on the digital clock where are you putting the five? 
Pat  At the hour hand 
HC  And?  
Pat  And a one at the minute 
HC  Ok, great, and so what time was that? 
Pat  It was five-O-one. (Interview, Pat) 
 
Figure 4.11. Pat recorded quarter past one on an analogue and digital clock. 
Pat continued to select and use number knowledge, I was doing the odd and 
even, so I choose ten to record quarter to six time and shown in Figure 4.12. 
Pat  Quarter to six? 
HC  Quarter to six. 
Pat  So I need a ten and a six, so put the six there so this would go.  
HC  So tell me about how you put the hands there. 
Pat  How I put my hands? 
HC  On your analogue clock. 
Pat  So how I do the, so the minute hand would be quarter to six, on the six, was the  
  six, and I was doing the odd and even, so I choose ten. 
HC  Ok. 
Pat  Cause in the six is ten, eight, wait six, eight, ten…twelve. 
HC  Ok, and then for your digital clock why are you choosing those   
  numbers? 
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Pat  Because I got to put the six in the minute hand and the ten in the hour   
  hand. (Interview, Pat) 
 
Figure 4.12. Pat recorded quarter to six on an analogue and digital clock. 
Evidence on the time facts selected and used by Hayden, Emmerson, Farren, and 
Pat to tell time follows. 
Hayden stated: 
 … one hour is right around the clock and if you’re on the six which is half of twelve, and an 
 hour is sixty minutes then half an hour is thirty. (G1 Session 4, Hayden) 
Emmerson stated: 
 The o’clock is sixty minutes and sixty seconds and the five is only one minute and the two is 
 actually two minutes. The six is thirty minutes. (G2 Session 1,  Emmerson) 
Farren stated: 
 Some digital clocks go flash, those digital clocks, every sixty flashes it’s one minute.  
 (G2 Session 1, Dakota, Farren, Emmerson) 
Pat stated: 
 So, Every 60 seconds is one minute and every sixty minutes is one hour. 
 (G1 Session 1 - reflection, Pat) 
Waverly’s described her understanding of a.m. (ante meridiem) and p.m. (post 
meridiem) to assist with recording times. 
HC  In time, in minutes or hours. If we say it is half past one, how do I know what time 
 it is? How do I work it out? 
Waverly  Because the twelve, so that means mid-day and then it slightly goes to  the 
 um, left and it’s like one o’clock then it’s the afternoon, then if it’s like one 
 o’clock then its morning? (G2 Session 1, Waverly) 
The following work samples provide evidence of the written formation of 
numerals 0 to 45 as recorded by the participants when representing times. All the 
participants in the study were able to identify and write numerals up to 45 on their 
constructed clocks (see Appendices N, O, P, Q, R, S, T, U, V, W, X, Y, Z, AA, AB, 
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AC, AD, AE, AF, AG, AH, AI, AJ, AK, AL, AM, and AN) and individual recording 
sheets (see Appendices AO, AP, AQ, AR, AS, and AT). 
Dakota was the only participant who reversed the written numerals 4, 5, 6, and 
7 as represented in Figure 4.13. She reversed the numerals 4 and 5 when writing quarter 
to (hr: 45) times on her recording sheet (see Appendix AT). Reversing of numerals, 
while not consistent with convention, had no erroneous influence on her ability to read 
the time. 
 
Figure 4.13. Dakota reversed numerals 4, 5 and 6 on her constructed analogue clock and 7 and 5 on 
her constructed digital clock. 
Data collected also reports on the use of specific time language and text when 
telling time. The fraction words specifically related to telling the time are half and 
quarter. The following Section 4.2, relative and absolute time systems reports on the 
mundane time expressions that participants who have LD stated and wrote as text 
during this intrinsic case study. 
4.2 MUNDANE TIME EXPRESSIONS 
The data reported in this section address research question two. Mundane time 
expressions involve encoding and processing relative and absolute systems. The 
relative time system states the minutes before the hours with either a fraction reference 
(e.g., half past six, quarter past one, and quarter to ten) or the minute-hour relationship 
(e.g., thirty minutes past six, fifteen minutes past one, and forty-five minutes past ten) 
(Bock et al. 2003; Williams, 2012). The absolute time system states the hours before 
the minutes and names the time precisely (e.g., six thirty, one fifteen, and ten forty-
five) and is usually associated with the digital clock (Kuchinsky et al., 2011). Two sub-
themes include spoken expressions (telling time) and written text (recording times). 
The following Sections report: 
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 4.4.1 relative and absolute systems, as spoken expressions include the 
expressions selected and used by participants when telling time. 
Evidence reported in Section 4.1.2 arithmetic connected arithmetic 
procedures and the relative time system to record times on analogue and 
digital clocks; and 
 4.2.2 relative and absolute systems, as written text involves reading and 
recording specific text when scribing a named time.   
The following Figure 4.14 designed for this intrinsic case study, shows mundane 
time expressions: absolute and relative systems (Bock et al., 2003) used for telling and 
recording the time. 
 
Figure 4.14. Mundane time expressions required for telling and recording time (Based on the work 
and theories of: ACARA, 2015a; Bock et al. 2003; Korvorst et al. 2007; Meeuwissen et al., 2004). 
The following Section reports on the relative and absolute systems that 
participants who have LD stated and used during this intrinsic case study. 
4.2.1 Relative and absolute systems as spoken expressions 
Relative and absolute time expressions were described by participants during the 
one-to-one interview, when viewing analogue and digital clock pictorial 
representations simultaneously for half past three, quarter past eleven, and quarter to 
six times. The participants were then asked to state three mundane time expressions to 
match the represented times (e.g., half past 3, 30 minutes past 3, and 3 thirty).  
Hayden, Emmerson, Darcy, Farren, and Bruce were able to state the relative time 
expression, half past three.  Hayden, Emmerson, Farren, Dakota, and Bruce stated the 
relative time expression, quarter past eleven. However, Hayden was the only 
participant able to identify and state the represented time using the relative time 
expression, quarter to six.  Emmerson stated relative time referencing the numerical 
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minute –hour relationship for 30 minutes past three while Hayden and Finlay stated 
the numerical minute –hour relationship for the three times. 
Table 4.1 provides a summary of the relative and absolute time expressions 
stated by the participants for half past three, quarter past eleven, and quarter to six 
times. Other constructed time expressions stated by the participants have also been 
recorded. 
Table 4.1 
Relative and absolute time expressions articulated by 9 participants when telling the time during the 
one-to-one interview 
Analogue and 
digital clock 
pictorial 
representations 
simultaneously 
shown to 
participants 
Relative time 
expression: 
reference to 
fraction  
Relative time 
expression: 
reference to 
number of 
minutes  
Absolute time  Constructed expressions 
(Incorrect) 
 
half past 
three 
5 
participants  
 
30 minutes 
past three 
3 
participants  
 
three thirty 
7 
participants  
 
Half past thirty  
Half past to three 
Quarter past three  
(3 participants) 
Quarter to three  
(2 participants) 
Quarter to thirty 
Three twenty 
Don’t know  
(3 participants) 
 
quarter past 
eleven 
5 
participants  
 
15 minutes 
past eleven 
2 
participants  
 
eleven 
fifteen 
8 
participants  
Half past fifteen 
Half past eleven  
Quarter to eleven 
Quarter to fifteen 
Quarter past fifteen 
(2 participants) 
Eleven to three 
Eleven thirty 
Three past eleven 
Don’t know  
(3 participants) 
 
quarter to 
six 
1 participant  
45 minutes 
past five 
2 
participants  
five forty-
five 
7 
participants  
 
Half past five  
(3 participants) 
Half past forty-five 
Half past nine 
Half two 
Quarter past five  
(3 participants) 
Quarter to forty-five 
Quarter to five 
Five past five forty-five 
Five minutes past 
forty-five 
Nine to six 
Don’t know  
(3 participants) 
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These results provide evidence that children who have LD use a range of relative 
time expressions to describe fraction conceptual knowledge. Some of the erroneous 
times stated include elements matching the relative system (e.g., half past thirty or five 
minutes past forty-five) or the absolute system (e.g., three twenty). Other times 
described by the participants demonstrate the selection of numbers chosen from the 
clock face while linking a fraction word (e.g., half past fifteen). While fraction words 
were used, conceptual fraction knowledge may not yet be achieved. 
The following Section reports on the fraction words scribed as text (e.g., half 
and quarter), which participants who have LD used of when recording time during this 
intrinsic case study. 
4.2.2 Relative and absolute systems as written text 
Relative and absolute time expressions were recorded in text on participants’ 
work samples collected during the assessment activity sessions. Participants were 
asked to record identified times on their constructed clocks as pictorial clock 
representations and written text on their recording sheets. The relative time expressions 
as written text related to fractions are half and quarter (e.g., half past 6, quarter past 1, 
and quarter to 10).  
Waverly was the only participant to record text using the relative time expression 
(fraction reference) for half past times. Waverly stated that the times displayed on the 
clocks were half past times and scribed in text half past nine and half past twelve, as 
shown in Figure 4.15. Hayden, Pat, Emmerson, Dakota, Farren, and Blake wrote half 
past times in text as absolute time. Finlay and Darcy did not write any text for half past 
times (see Appendices AO and AP for examples of each participant’s recording sheet 
for half past times). 
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Figure 4.15. Relative time text (fraction reference for half past) scribed by Waverly on the recording 
sheet. 
Finlay was the only participant to write text using the relative time expression 
(minute-hour reference) for quarter past times. She stated the times displayed on her 
clocks were quarter past one and quarter past six and wrote in text fifteen minutes past 
one and fifteen minutes past six, as shown in Figure 4.16. Hayden, Darcy, Waverly, 
Emmerson, Dakota, Farren, and Blake wrote quarter past times in text as absolute time 
(e.g. ten fifteen). Pat did not write any quarter past times in text (see Appendices AQ 
and AR for examples of each participant’s recording sheet for quarter past times). 
 
Figure 4.16. Relative time text (minute-hour reference for quarter past) documented by Finlay on the 
recording sheet. 
All the participants wrote quarter to times in text using absolute time (e.g., six 
forty-five). Hayden Emmerson, Dakota, Farren, and Blake wrote half past, quarter 
past, or quarter to times in text using absolute time. Figure 4.17 provides examples of 
Blake, Farren and Darcy’s scribed text for half past, quarter past and quarter to times 
using the absolute system (see Appendices AS and AT for examples of each 
participant’s recording sheet for quarter to times). 
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Figure 4.17. Absolute time text, half past, quarter past and quarter to times documented by Blake, 
Farren and Darcy on their recording sheets. 
Table 4.2 presents a summary of the number of participants who scribed relative 
or absolute time text for half past, quarter past and quarter to times. 
Table 4.2 
Relative and absolute time text recorded by participants during the four assessment activities 
Half past, 
quarter past and 
quarter to times 
recorded in text 
on participant 
recording sheets 
Relative time 
text reference to 
fraction  
Relative time 
text reference to 
minute  
Absolute time 
text  
No text 
Half past times 1 participant 
scribed  
half past 
(hour) 
 6 participants 
scribed  
(hour) thirty 
2 participants 
did not 
scribe time 
in text 
Quarter past 
times 
 1 participant 
scribed  
fifteen 
minutes past 
(hour) 
7 participants 
scribed  
(hour) fifteen 
1 participant 
did not 
scribe time 
in text 
Quarter to 
times  
  9 participants 
scribed  
(hour) forty-
five 
 
 
On the basis of this evidence it seems reasonable to suggest that participants 
prefer to write time texts using absolute time rather than relative time. This result 
highlighting the application of an atypical reference (e.g., absolute text to analogue 
clock representation) is surprising given that most of the participants stated the time 
using relative time expressions during the assessment activity sessions. Furthermore, 
eight of the nine participants preferred to represent and describe half past, quarter past, 
and quarter to on their analogue clocks before transposing the time to a digital clock. 
A possible explanation for this may be associated with the conceptual planning 
demands required when using relative time as opposed to simple form encoding for 
absolute time (Korvorst et al., 2007). Preference to written text using absolute times 
by participants provides evidence that fraction words in text are seldom scribed when 
recording half past, quarter to, or quarter past times. 
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The following Section reports on the knowledge of clock representations and 
characteristic features that participants who have LD described and used during this 
intrinsic case study. 
4.3 CLOCK REPRESENTATIONS 
Data gathered addressed question three of this intrinsic case study. The two most 
commonly used clock representations for displaying time are analogue and digital 
clocks. Each clock has unique characteristic features that must be identified, described, 
and represented when telling the time. The curriculum content for Year One to Four 
focuses learning of time on minutes and hours only in 12-hour time which is the focus 
of this intrinsic case study:  
4.3.1 analogue clock characteristic features comprise the hour and minute hand 
and numeral or non-numeric tick marks; and  
4.3.2 digital clock characteristic features comprise the hour and minute positions 
separated by a colon. 
The following Figure 4.18 designed for this intrinsic case study shows the 
analogue and digital clocks and characteristic features. 
 
Figure 4.18. Analogue and digital clock representations and characteristic features (Based on the work 
and theories of: ACARA, 2015a; Andersson, 2008; Boulton-lewis et al., 1997; Burny et al., 2012; 
Friedman & Laycock, 1989; Williams, 2004; 2012). 
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The following Section reports on the knowledge of the characteristic features of 
analogue clock representations that participants who have LD described and used 
during the intrinsic case study. 
4.3.1 Analogue clock characteristics 
The knowledge necessary to describe analogue clock characteristic features 
involves identifying and describing the hour and minute hand and determining the 
numeral or non-numeric minute mark (tick mark) to which each hand is pointed. 
Numerals 1 to 12 are also associated with the function of the clock hands. The 
following provides evidence about the function of the hands as characterising features 
of the analogue clock. 
Hayden correctly labelled the clock hands and stated their function during the 
one-to-one interview. 
 I put one for the little hand which is the hour hand and the big one on the three which is the 
 minute hand. (Interview, Hayden) 
Pat also correctly labelled the hour and minute hand and the function of both 
hands. 
 … small hand means the hour and the big hand means minutes. (G1 Session 1, Pat) 
In Figure 4.19 Hayden and Pat labelled the hour and minute hand correctly. Both 
participants positioned the minute hand to represent the minutes however the hour 
clock hand was positioned to point directly at the numeral (rather than a quarter of the 
way or half way between the passing hour and the upcoming hour). Both participants 
transposed the time to their constructed digital clock. 
 
Figure 4.19. Hayden and Pat recorded quarter past one and half past eight on an analogue and digital 
clock. 
  
Chapter 4: Results 81 
Dakota and Darcy described the function of the clock hands and inconsistently 
labelled the hour and minute clock hands when representing and recording times on 
their constructed analogue clock as shown in Figure 4.20 and 4.21. Furthermore, both 
participants regularly positioned the (labelled) hour hand to point directly to a numeral 
(rather than quarter, half, or three quarters of the way between the passing hour and 
the upcoming hour).  
Dakota stated: 
HC  How do we use an analogue clock to show the time? 
Dakota  Well we do like this, we move the hands… 
  This is the hour hand [pointed to the hour hand] and the minute hand [pointed to the 
 minute hand]. I used to think that that was the hour hand.  
HC  Did you?  
Dakota  Mm. 
HC  How did you work it out? How did you get it right? 
Dakota  I, my Mum and Dad showed me. (G2 Session 1, Dakota) 
 
Figure 4.20. Dakota recorded half past six on an analogue and digital clock. 
Darcy stated: 
HC  How about this time that you made in the lessons? 
Dakota  Two fifteen. 
HC  Great, tell me about that. How did you work it out on the two clocks? 
Dakota  I worked out by .mm, so put the hour hand, which is the little one on the two  
  because one and two makes two, obviously and five, one, one is the five, two is the 
  ten and three is the fifteen so fifteen is two fifteen. So you add the hour hand to the 
  minute hand and that makes two fifteen. (Interview, Darcy) 
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Figure 4.21. Darcy recorded quarter past two on an analogue and digital clock. 
Farren’s stated misunderstanding of the function of the analogue clock hands 
was a typical response from those participants still developing their knowledge of this 
characteristic feature. Figure 4.22 is Farren’s representation of half past ten on his 
analogue and digital clocks. 
HC  So Farren you’re moving the hands there on your analogue clock to show? 
Farren  Ten thirty. 
HC  Ten thirty, so which is the hour hand and which is the minute hand? 
Farren  Rr. 
HC  On your clock? 
Farren  That one, the hour hand [pointed to the minute hand] and minute hand [pointed to 
  the hour hand. (G2 Session 2, Farren)  
 
Figure 4.22. Farren recorded half past ten on an analogue and digital clock. 
Emmerson, Waverly, Finlay, Farren, and Blake reversed the function of the 
analogue clock hands when describing and representing times on their constructed 
analogue clocks. Again, participants positioned the (labelled) hour hand to point 
directly to a numeral (rather than quarter, half or three quarters of the way between the 
passing hour and the upcoming hour). Further evidence described by the participants 
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on the function of the clock hands is provided in examples of transcribed excerpts (see 
Appendices AU, AV, AW, AX, AY, AZ, BA, BB, and BC). 
Another characterising feature of the analogue clock is the use of non-numeric 
tick marks to represent minutes. Emmerson was the only participant to state the 
meaning of the tick marks on the analogue clock as representing the minutes. 
And those little things are the minutes. (G2 Session 1, Emmerson) 
The numerals on an analogue clock must be interpreted in association with the 
function of the clock hands (e.g., numeral 3 is 15 minutes when the minute hand points 
to it and 3 o’clock when the hour hand points it). All of the participants were able to 
describe and demonstrate their understanding of the flexibility of the value of the 
numerals to calculate the minute value (see Appendix BD). An example of this 
evidence is by Farren in the following transcribed excerpt and in figure 4.23. 
 My strategy would be when you’re counting from one it’s not like one, two, three, 
 four it’s five, ten, fifteen, twenty, twenty-five, thirty. So that’s how you’re going to 
 know if it’s going to be twelve thirty or one thirty or something like that. 
 (G2 Session 2 - reflection, Farren) 
 
Figure 4.23. Farren demonstrated the use of counting by fivess to show half past two on the analogue 
clock. 
Rapid recognition of landmark numerals linked to specific relative time 
expressions were demonstrated and described by Emmerson, Waverly, and Darcy.  
 Emmerson used the landmark numeral six to state the numeral thirty to 
demonstrate a half past time. 
Emmerson And the big one has to go to the six. 
HC  And why does the big one have to go to the six?  
Emmerson To make it thirty. (Interview, Emmerson) 
Waverly perceived and interpreted landmark numerals when describing and 
recoding half past times. 
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HC  So when you were working out how to show the time on your clocks what  
  knowledge did you have to think about when you were showing the time on the  
  analogue clock? 
Waverly  Where the half past is and the quarter past and the quarter to. 
HC  Great, so how did you work out where the half past was, what  strategies did you 
  use? 
Waverly  Half past, so I looked at a clock and there was a twelve there and then there was  
  three and then a nine 
HC  Yep. 
Waverly  Yeah, so that showed me where half past is. (G2 Session 2, Waverly) 
Darcy described the meaning of the landmark numeral six and partitioned the 
area of the analogue clock (area model) to record half past nine as represented in Figure 
4.24. 
 Half past nine. So the half past which is six, which is thirty, so that’s half of the clock. And 
 the nine is mmm you put .mm the minute hand on the nine and then that’s the hour. 
 (Interview, Darcy) 
 
 
Figure 4.24. Darcy described and recorded half past nine on an analogue and digital clock. 
The following Section reports on the knowledge of the digital clock 
characteristic features that participants who have LD described and used during the 
research. 
4.3.2 Digital clock characteristics 
The knowledge necessary to describe digital clock characteristic features 
involves identifying and describing numerals on the left hand side of the colon as 
representing the passing hour and numerals on the right hand side of the colon as 
representing minutes.   
Dakota and Emmerson identified the position of the hours and minutes and the 
function of the colon. Farren identified an added function of the colon on some digital 
clocks to recall and state a time fact. 
Dakota  ̊To know the three is the hour and the other one is the minutes. 
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HC  So we have to know where the numbers are placed don’t we in order to know which 
  is the hour and which is the minute. Great. What else do we need to know? 
Farren  Mm. 
HC  What does this do? [Researcher pointed to the colon on the digital clock]. 
Emmerson That’s like so meaning, it like…. It means ‘cause it’s not together? 
HC  Great it’s kind of like a full stop the colon separates the hours and the minutes for 
  us. 
Farren  Some digital clocks go flash, those digital clocks, every sixty flashes it’s one  
  minute. (G2 Session 1, Dakota, Farren, Emmerson) 
Six of the nine participants consistently described and recorded numerals in the 
appropriate hour and minute value positons on their digital clocks for half past, and 
quarter past times. However, although accurately identifying the hour and minute 
value positions when demonstrating and writing quarter to time, all the participants 
erroneously wrote a numeral with reference to the upcoming hour on their constructed 
digital clocks (e.g., quarter to six was written as 6:45).  
Hayden, Emmerson, Waverly, Darcy, Farren, and Dakota described and 
recorded numerals in the appropriate hour and minute value positons on the digital 
clock for half past, quarter past and quarter to times (see Appendices N, O, P, Q, R, S, 
T, U, V, W, X, Y, AC, AD, AE, AI, AJ, and AK). Pat scribed the numerals to represent 
hours and minutes in the reverse position on the digital clock for quarter past one and 
quarter to six (see Appendices AG and AH). Blake also recorded the time quarter to 
six reversing the hour and minute position on the digital clock. Blake was observed 
referring to his analogue clock before scribing the numeral nine in the hour position 
and the numerals 06 in the minute position (see Appendix AN). 
Finlay constantly placed numerals on her constructed digital clock to represent 
the hour and minutes in the reversed position (see Appendices Z, AA, and AB). Finlay 
often stated time using relative time expressions (e.g., half past eight or fifteen minutes 
past one). The relative time expression referenced the minutes before the hours. This 
may offer a possible explanation as to why Finlay represented the minutes before the 
hours for half past, quarter past, and quarter to times on the constructed digital clock. 
However, Finlay was able to scribe half past times and quarter to times appropriately 
on the recording sheet (see Appendices AO, AQ, and AS). This discrepancy could also 
be attributed to the collaborative instructional approach during the assessment activity 
sessions. Although Finlay chose to work independently when representing the time on 
her constructed digital clocks, the researcher often observed her initiate peer 
collaboration when transferring times to the recording sheet. 
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Participants were asked during the one-to-one interview to identify the clock 
representation they found most useful (see Appendix BE). Emmerson, Darcy, Farren, 
Pat, and Dakota stated that they found the digital clock more useful. Hayden, Waverly, 
and Blake indicated that they found both clocks useful however attributed ease of use 
to the digital clock. Finlay found the analogue clock useful and specified that the 
analogue clock enabled the use of the procedure counting by fives. 
Data were collected that identified each participants’ personal use of clock 
representations as part of their daily routine.  Participants indicated that they were 
likely to look at a clock between two to six times in a day. All the participants were 
able to provide contexts for use of a clock to tell time during the one-to-one semi-
structured interview (see Appendix BF). 
Interpretations of these responses indicate that telling the time is an important 
and useful skill needed to support the daily routine of the nine participants. However, 
none of the participants was able to consistently and accurately describe and 
demonstrate half past, quarter past, or quarter to times using an analogue clock. The 
results of this study highlight the fact that not all children have attained the knowledge 
or skills expected at Year 4 mathematics curriculum standards. The Year 2 
Mathematics Content Descriptions state that children will “Tell time to the quarter-
hour, using the language of past and to” (ACARA, 2015a, ACMMG040) and yet 
Finlay (a Year 4 student) perceived quarter past time as a new learning experience. 
Finlay stated: 
 I thought doing quarter past was really fun because I got to, I got to try something 
 new. (G1 Session 3- reflection discussion, Finlay) 
During a discussion in the final assessment activity session, Hayden referred to 
the importance of regular learning experiences for telling the time. Hayden stated: 
 I’m good at time but when I, when I haven’t done it for a while I take a little bit but 
 then when I really get into it, it’s, it’s done in under a minute! (G1 Session 4, Hayden) 
During the one-to-one semi-structured interview Hayden contradicted this 
statement by describing regular daily use of the clocks to tell the time. For Hayden 
telling the time in a real world context and formal instruction episodes did not offer 
similar opportunities for learning and reinforcement with telling the time.  The 
statements provided by Finlay and Hayden present two educational implications for 
educators. The first being that educators cannot assume that children have achieved 
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understanding, fluency or reasoning of time content prior to instruction. And secondly 
that consistent, recursive instruction both in real world contexts and formal instruction 
tasks are necessary for all children to develop the important skill of telling the time. 
All the participants continued to develop knowledge and strategies with telling 
half past, quarter past and quarter to time during this intrinsic case study.  These 
educational implications are discussed further in the following chapter. The following 
section brings the chapter to a close with an overview of evidence reported in each 
section. 
4.4 SUMMARY 
This chapter has provided evidence of participants who have LD when telling 
quarter-hour and half-hour time.  
Hayden was the only participant who partitioned an hour (whole) into equal parts 
of two half hours or four quarter hours. Other participants were able to use fraction 
interpretation of part-whole to halve the analogue clock face successfully but with 
inconsistent procedural and arithmetic understanding to partition a whole hour into 
quarter hour times. Results have also shown that some participants fraction thinking 
was still developing as they selected and used only arithmetic and number knowledge 
to tell half past, quarter past, and quarter to time. 
Examples of fraction misunderstandings or developing understandings, when 
telling the time by participants who have LD include: 
 partitioning the whole hour into unequal parts (e.g., numerals and hash 
marks on a constructed analogue clock positioned unequally); 
 the numeral 4 represents quarter on an analogue clock (quarter is 4 equal 
parts of a whole);  
 time fact for quarter minute value is 25 rather that 15 (e.g., quarter of 
100 rather than quarter of 60); and 
 fraction knowledge only used to position the minute hand not the hour 
hand on an analogue clock.  
Hayden was the only participant who made links between skip counting by fives 
and multiplication facts by fives. He also described the use of the subtraction operation 
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to work out quarter to an hour. All the participants used skip count by fives 
predominately as an arithmetic strategy to identify minutes and locate relevant 
numerals when identifying half past, quarter past, and quarter to times.  
Examples of arithmetic misunderstandings or developing understandings when 
telling the time by participants who have LD include:  
 skip counting by fives is linked to counting by rote learnt number 
sequences rather than minutes in one hour; 
 addition and subtraction strategies not used to calculate quarter past and 
quarter to times; and 
 division not used to calculate half of 60 minutes.  
All the participants were able to use numbers in sequence up to 45. They 
recognised and wrote numerals up to 45. Dakota reversed numerals when recording 
how this did not impact the accuracy when telling the time. At least four participants 
could recall time facts such as 60 minutes in one hour.  
Examples of number misunderstandings when telling the time by participants 
who have LD include:  
 Time facts inconsistently used to support problem solving when telling 
half past, quarter past, and quarter to times. 
The relative time system were of primary interest as fraction words half and 
quarter are incorporated in expressions when telling the time. Hayden consistently 
used relative time expressions with reference to fractions and reference to number of 
minutes for each of the times presented. Only four other participants consistently used 
relative time expressions with reference to fractions. The use of relative time to 
reference the number of minutes was limited to one or two participants depending on 
the time.  
Examples of spoken relative time expression misunderstandings or developing 
understandings when telling the time by participants who have LD include: 
 fraction words (e.g., half and quarter) connected to the correct numeral 
(e.g., 6, 3 or 9) on the clock face; and 
 to the hour relate to the upcoming hour rather than numeral 2 (two). 
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To scribe text for half past, quarter past, and quarter to times Waverly was the 
only participant who used relative time expressions (fraction reference).  
Examples of written relative time expression misunderstandings or developing 
understandings when telling the time by participants who have LD include:  
 absolute time expressions naming the precise hours and minutes rather 
than fractions of time used in written text. 
All participants identified characteristic differences in their constructed clocks. 
Both analogue and digital clocks were recognisable as such, even though some 
participants reversed some numerals. Participants were observed chanting rote learnt 
procedures to position the minute hand for half past and quarter past times.  
Examples of clock representation misunderstandings or developing 
understandings when telling the time by participants who have LD include:  
 fraction knowledge not used to equally position the numerals on the 
analogue clock face; 
 analogue clock hands’ function reversed; 
 hour hand position changes for half past, quarter past and quarter to 
times; 
 relative time expressions used to represent that time on a digital clock 
(e.g., quarter past five as 15: 5); and 
 digital clock characteristics reversed (e.g., minute: hour). 
The overall findings demonstrate the predominate use of number and arithmetic 
operations, only two of the three key concepts of domain specific knowledge 
(Mathematics) by participants who have LD. 
The following chapter will compare evidence of use of domain specific 
knowledge (Mathematics), mundane time expressions and clock representations as 
demonstrated in this intrinsic case study with previously published research findings. 
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Chapter 5: Discussion 
In this chapter the focus is on discussing the relationship between: 
1. Fraction knowledge and other domain specific knowledge when children 
who have LD tell half past, quarter past, and quarter to time; 
2. Mundane time expressions used to tell time, by children who have LD; 
and 
3. Clock representation knowledge used by children who have LD when 
telling time. 
In the context of this intrinsic case study the nine children who have LD were 
selected based on mandated department procedures for identifying children who have 
LD and the school’s assessment. Their type of LD is not tested or examined. The main 
findings as summarised in 4.4 indicated that these 9 children who have LD also have 
difficulties telling half past, quarter past and quarter to time. This chapter builds an 
argument that the sources of learning difficulties when telling time came from 
difficulties building understanding, fluency, reasoning, and problem solving with 
domain specific knowledge, interpreting and using mundane time expressions in 
context, and constructing clock representations based on understandings of domain 
specific knowledge (mathematics). 
This chapter aims to analyse the results reported in Chapter 4 with respect to 
current literature. Interpretation and evaluation of the results reported in Chapter 4 are 
discussed in response to the research questions:  
1. What fraction knowledge and other domain specific knowledge 
(Mathematics) do children who have LD demonstrate when telling the 
time?  
2. What mundane time expressions do children who have LD encode, 
describe, and write as text when telling the time?   
3. What knowledge about clock representations do children who have LD 
demonstrate when telling the time? 
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 This chapter is organised into six sections 
 Section 5.1 examines the domain specific knowledge (Mathematics) 
demonstrated and used by children who have LD to tell time on an 
analogue and digital clock; 
 Section 5.2 examines the mundane time expressions described and used 
by the children who have LD to tell time on an analogue and digital 
clock; 
 Section 5.3 examines the knowledge of clock representations (analogue 
and digital clock) used by children who have LD to tell time; 
 Section 5.4 investigates the Cognitive systems (working memory) 
necessary to tell time; 
 Section 5.5 summarises the components necessary for telling the time 
when using an analogue and digital clock. These components are visually 
represented as a web of the complexity of telling time to show the inter-
connections; and 
 Section 5.6 highlights educational implications that emerged from the 
findings and offers suggestions that may contribute to teaching 
knowledge and practice when planning for teaching and learning to tell 
the time for children who have LD.  
The following Section examines the domain specific knowledge (Mathematics) 
in relation to prior research. 
5.1 DOMAIN SPECIFIC KNOWLEDGE (MATHEMATICS) IN THE 
CONTEXT OF TIME 
 Fractions are integral to understanding time and for operating fluently and 
flexibly with characteristics of an analogue clock. The first research question in this 
study sought to examine what fraction knowledge and other domain specific 
knowledge (Mathematics) children who have LD demonstrated when telling half 
past, quarter past and quarter to time. As reported in Chapter 4.1 domain specific 
knowledge (Mathematics) required to tell time includes conceptual and procedural 
knowledge of fractions, arithmetic processes, and identification and use of number 
symbols and time facts. This Section is organised into three sub-themes: 
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 5.1.1 Fractions: part-whole interpretation, area and number line 
models and fraction text; 
 5.1.2 Arithmetic for partitioning equal parts of an hour; and 
 5.1.3 Number. 
 The following Section discusses the superficial and varied fraction knowledge 
selected and used by children who have LD when telling time. 
5.1.1 Fractions: Part-whole interpretation, area and number line models, and 
fraction text 
 To demonstrate fraction knowledge within the context of time each of the 
participants needed to describe and demonstrate the selection and use of conceptual 
(part-whole interpretation) and procedural (partitioning) fraction knowledge, use 
fraction models (e.g., area or number line) and say, read, and write text fraction words 
when telling half past, quarter past, and quarter to times on an analogue and digital 
clock.  
 A key finding of this study showed that five of the nine Year 4 children who 
have LD described their fraction knowledge and demonstrated how they applied this 
fraction knowledge when telling the time. These children made connections between 
the fraction conceptual knowledge of part-whole interpretation of minutes-hours (e.g., 
one hour as one whole of a continuous quantity and that minutes represent equal parts 
of that whole) when telling time. They described their conceptual understanding of the 
part-whole interpretation of one hour as two 30 minute parts, four 15 minute parts, 
twelve 5 minute parts or sixty 1 minute parts. Previous research by Williams (2012) 
proposed that expert-like conceptualization of time on an analogue clock is 
demonstrated by “linking two paths of clock hand motion with several part-whole 
relations that include fractional parts of a circle, path segments as proportions of a full 
path, and division of duration into conventional units of hours and minutes” (p. 237).  
The evidence reported in sub-sections 4.1.1 fractions described the fraction 
knowledge accessed and coordinated by Hayden, Emmerson, Waverly, Darcy, and 
Finlay at varying levels of competency. Hayden, Emmerson and Waverly were able to 
select and use fraction information such as part-whole concepts and use mental models 
to engage thinking to tell time. Hayden was the only participant to select and use 
fraction conceptual knowledge fluently and flexibly to tell the half past, quarter past, 
and quarter to time. This demonstrates that fraction conceptual knowledge 
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(understanding) and skills (fluency) are integral to successfully telling half past, 
quarter past and quarter to time (reasoning and problem solving) are integral to telling 
times. A possible explanation for the children’s limited use of fraction knowledge may 
be the complexity associated with acquiring fraction knowledge and competency to 
transfer fraction knowledge to the context of time.  
 In Jordan and colleagues’ research (2013) fraction knowledge was considered 
essential to children’s overall numerical development in Mathematics. They 
recognized the difficulties some children face acquiring fraction understanding. 
Similarly, Mazzocco et al. (2013) and Siegler et al. (2013) affirmed that fraction 
deficits for some children can persist to high school. They also maintained that fraction 
knowledge is essential for many daily life activities and emphasise the need to support 
children who have difficulties to achieve conceptual and procedural knowledge of 
fractions. Furthermore, some children who have LD may misunderstand fraction 
conceptual interpretations and procedural processes while they are learning. To date 
several studies have reported on the variance of fraction competency demonstrated by 
children with mathematics difficulties and the impact this has on the future 
development of other mathematics’ skills (Butler et al. 2003; Hecht & Vagi, 2010; 
Mazzocco & Devlin, 2008; Misquitta, 2011). 
   The results of this study are in accord with recent studies indicating that 
children who have LD, MD, and MLD have limited fraction knowledge and may not 
achieve conceptual understanding until the later years of primary schooling (Mazzocco 
et al., 2013; Vukovic et al., 2014). While Emmerson used fraction knowledge to tell 
half hour time she and Darcy were unable to use fraction knowledge for quarter hour 
times. In fact, findings of the study indicate that eight of the nine Year 4 children who 
have LD consistently selected and used mathematical thinking other than fraction 
knowledge to tell half past, quarter past, and quarter to times on their constructed 
analogue and digital clocks. This study purported that children who have LD selected 
and used the area model of the analogue clock representation predominantly with 
limited application of other domain specific knowledge such as fractions of an hour in 
minutes (number and arithmetic). 
 Fraction conceptual knowledge, in general, includes the description and use of 
different fraction models to represent an equal fraction part quantity (area, length, 
number line, and set models [not applied when calculating time]). Results of this study 
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reported that two participants (Waverly and Emmerson) described and demonstrated 
an understanding of the part-whole interpretation when they referred to half or quarters 
of the clock face. The area of the clock face was consistently selected as the whole to 
which the half or quarter referred.  
It has been reported by Mazzocco et al. (2013) and Hecht and Vagi (2010) that 
visual representations (e.g., fraction circles and number lines) can support fraction 
conceptual understanding for children with mathematics difficulties. It may be 
possible that children’s lack of description and use of an area model may be due to the 
simplicity of the model and does not match the complexity of the time concept. The 
analogue clock simultaneously displays hours and minutes and is best understood as a 
number line model (Williams, 2004). The multi-scaled number line on the analogue 
clock illustrates partitioning time into 12 one hour parts and 60 one minute parts. When 
using an analogue clock, children may find it conceptually logical to describe and 
demonstrate the procedure of partitioning when they divide one hour into 60 minutes 
using a number line. Williams (2004; 2012) contended that children who identify the 
whole as one hour or sixty minutes and state the fraction, half or quarter of an hour as 
one of two thirty minute parts or one of four fifteen minute parts demonstrate a deeper 
level of conceptual understanding. The results of this present study indicate that the 
majority of the nine participants (Year 4 children who have LD) do not make strong 
links to fraction knowledge when telling half past, quarter past, and quarter to time. 
They used one half and one quarter based on an area model of the clock face. They did 
not select and use two 30 minute times or four 15 minute times.  
This study did not set out to investigate pedagogical practice. It examined 
children’s application of learning. As such it is worth acknowledging, Williams (2012) 
proposed that initial instructional practices when teaching time, typically use the 
analogue clock face (area model) to describe and model equal parts of a continuous 
quantity as a visual representation to demonstrate that the whole can be represented as 
two or four parts. The current data of this study highlighted the importance of making 
connections between the analogue clock face and the number line model to assist 
children who have LD to conceptualise the part-whole interpretation with greater 
clarity.  Furthermore the fraction procedural process of dividing the whole clock face 
and number line into two or four equal parts mutually reinforces fraction language 
used to describe relative time (e.g. half past two). Connections to landmark numerals, 
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fraction interpretations, relative time expressions, and parts of the clock face, named 
as half past, quarter past or quarter to are described and demonstrated to complete the 
instructional sequence.    
 Finally children who have LD interpret and describe what is meant when 
fraction words (e.g., half and quarter) are stated, read, and written in a time context. 
This topic is discussed further in Section 5.2. The most obvious finding to emerge from 
this study is that the empirical data to support the claim that fraction knowledge is 
essential when telling the time.  
   The following Section discusses the arithmetic procedures selected and used 
by children who have LD to tell the time on analogue and digital clocks. 
5.1.2 Arithmetic for partitioning 
 To demonstrate knowledge of arithmetic procedures and fraction knowledge 
each of the participants described and demonstrated procedural knowledge when they 
identified a ‘way of doing’ or ‘working out’ the task usually by providing a sequence 
of known or practiced steps (Australian Department of Education, Employment and 
Workplace Relations, 2008; Bailey et al., 2014). The data from this intrinsic case study 
showed that all the Year 4 children who have LD selected and used arithmetic 
procedures to tell half past and quarter past times. 
 All the participants in this research demonstrated the ability to access and use 
counting strategies (e.g., skip count by five). These results match those observed in 
earlier studies affirming that children still mastering competency with telling time rely 
on procedural strategies such as skip counting by fives to read and record times 
(Boulton-Lewis et al., 1997; Burny et al., 2012; Vakali, 1991). One of the issues to 
emerge from the findings was that some children who have LD used additional known 
whole number concepts (e.g., odd and even numbers) - erroneously to describe and 
demonstrate times.  
 The results of this intrinsic case study appear to be consistent with those of 
Siegler et al. (2013) who contended that children still developing their fraction 
arithmetic knowledge selected arithmetic operations or whole number arithmetic 
procedures based on familiarity rather than choice based on understating of concept. 
Findings by Mazzocco et al. (2013) also reported that children with Mathematics 
Learning Disabilities (MLD) had a “limited repertoire of strategies than observed in 
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typically achieving (TA) peers and one that is suggestive of rote performance as a 
backup strategy in the absence of fraction knowledge” (p. 385). Children in the current 
intrinsic case study consistently relied on the counting by fives strategy to tell half 
past, quarter past, and quarter to times on their constructed clocks and counting by one 
strategy when constructing clock faces, as was evidenced by Emmerson.  
 One final finding of the present study found that three of the nine children who 
have LD (Hayden, Darcy, and Dakota) were able to describe and use addition and 
subtraction procedures when telling the half hour and quarter to hour times 
respectively. However, Hayden was the only participant who stated and used a multi-
step procedure (e.g., 60 minutes as 1 hour, take away 15 minutes is 45 minutes) to 
describe and demonstrate quarter to an hour on his constructed analogue and digital 
clocks. These results confirmed the association between children who have difficulties 
with fractions and strategy choice as described by Mazzocco et al. (2013). Taken 
together, these results suggest that Year 4 children who have LD do not use complex 
arithmetic procedures to calculate time. This combined with their understanding of 
factions using only an area model hinders the application of their fraction knowledge 
using minutes-hour (using fractions  of an hour on a number line model with arithmetic 
to determine equal parts of the whole) to tell half hour, quarter past, and quarter to 
times.   
 The following Section discusses the narrow focus of number knowledge 
selected and used by children who have LD to tell the time on an analogue and digital 
clock. 
5.1.3 Number 
The participants used their number knowledge when they described and used 
numbers and time facts to tell half past, quarter past, and quarter on their constructed 
analogue and digital clocks.  
The data from the intrinsic case study showed that all participants identified and 
wrote numerals from 0 to 45. In addition, automatic recall of time facts were identified 
and described by Hayden, Emmerson, Farren, and Pat. Hayden was the only child to 
recall and use time facts with fraction knowledge to record half past times (e.g., an 
hour is 60 minutes then half an hour is 30 minutes). As previously reported other 
participants used less efficient skip counting strategies (e.g., by fives) to identify times 
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on an analogue clock. Similar results reported by Hecht and Vagi (2010) concluded 
that children who have mathematics difficulties relied on “error-prone and slower 
counting-based strategies” to solve fraction problems. 
Another key finding is that some children who have LD used whole number 
concepts erroneously with fraction knowledge to tell half past and quarter past times.  
Emmerson and Finlay’s explanation for positioning the minute hand on the analogue 
clock to the numeral four is a key example. They transferred whole number knowledge 
to interpret the fraction quarter. They represented it as 4 (numeral four) rather than a 
part of four equal parts or 15 minutes. 
Findings from this intrinsic case study of Year 4 children who have LD clearly 
showed the predominate use of rote knowledge connected to number (e.g., 6 means 
half past, 3 is quarter past) and arithmetic operations (e.g., skip count by fives) when 
using fraction knowledge and other domain specific knowledge to tell half hour and 
quarter hour times. These intrinsic case study results corroborate the ideas of Vukovic 
et al. (2014) who suggested that many children apply their knowledge of whole number 
properties to fraction concepts. Furthermore they add that “overgeneralisation of such 
properties contributes to difficulty in understanding, for example, that ¼ is larger than 
1/5” (p. 1462). Similarly, Mazzocco et al. (2013) suggested that for children who have 
MLD, may develop misunderstandings of fractions based on interference of whole 
number knowledge. In addition, the analogue clock face displays numerals 1 -12 to 
represent the hours of twelve-hour time. Telling time using the analogue clock is 
further complicated by the need to consider understandings of fractions of one whole 
hour as sixty minutes, represented only sometimes on the analogue clock as non-
numeric minute marks (tick marks).    
This intrinsic case study has reported the fraction knowledge that Year 4 children 
who have LD demonstrate when telling half hour and quarter hour times relies on the 
use of the area model of fraction, integrated with number and arithmetic strategies 
which promotes limited understanding of time facts. 
Fraction knowledge related to the conceptual understanding of part-whole 
interpretation and use of an area model were described and demonstrated by three of 
the Year 4 children who have LD when telling half past, quarter past, and quarter to 
times on analogue and digital clocks. Overall the results suggest these Year 4 children 
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who have LD predominantly used only two of the three key concepts of domain 
specific knowledge (Mathematics). 
The following Section examines the confusion participants experience when 
accessing and using mundane time expressions: half past hour or thirty minutes past 
hour (relative systems) and hour thirty (absolute system) when telling time in relation 
to prior research. 
5.2 MUNDANE TIME EXPRESSIONS 
Mundane time expressions are used to communicate times displayed on 
analogue and digital clock representations. The second research question in this study 
sought to examine the mundane time expressions that children who have LD encode, 
describe and write as text when telling the time. As reported in Chapter 4.2 Mundane 
time expressions required to tell time includes encoding and processing relative and 
absolute systems as spoken expressions (telling time) and written text (recording 
times). This Section is organised into two sub-themes: 
5.2.1 Relative and absolute systems as spoken expressions; and 
5.2.2 Relative and absolute systems as written text. 
The following Section discusses the relative and absolute systems used by 
children who have LD to tell the time on an analogue and digital clock. 
5.2.1 Relative and absolute systems as spoken expressions 
To demonstrate knowledge of the relative time system needed to tell the time 
each participant described and read fraction words (e.g., half and quarter; orally 
stated). They identified these fraction words as a reference to the minute value before 
the hour value (Bock et al., 2003) to tell half past, quarter past, and quarter to times. 
Furthermore, relative expressions specifically reference to the relationship between the 
hour and the minute (e.g., past and to) (Bock et al., 2003). To describe and read 
absolute time, each child described and used numerical language as displayed on a 
digital clock (e.g., two thirty, four fifteen, and ten forty-five). Finally, each child was 
required to transpose stated relative and absolute time expressions from an analogue 
to digital clock representation and vice versa.  
This intrinsic case study provided evidence that the nine Year 4 children who 
have LD named absolute time more accurately than stating time using relative time 
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expressions when describing half past, quarter past, and quarter to times. Children 
relied on naming the time directly using absolute time with digital clock 
representations. These findings are in accord with results reported by Korvorst et al. 
(2007) who stated “absolute clock time naming from digital clocks does not require 
conceptual preparation but only encoding and can be achieved through a 
nonconceptual conversation route” (p. 191). The conceptual processes needed for 
telling relative time using an analogue clock are far more complex (Korvorst et al., 
2007) and may account for the results that most children were able to state absolute 
time for three thirty, eleven fifteen, and five forty-five. The results of this study found 
that five of the nine participants were able to state relative time for half past three and 
quarter past eleven however only one participant was able to name quarter to six.  
Fewer participants were able to state relative time explicitly referencing the numerical 
minute–hour relationship. During the activity sessions participants were able to 
demonstrate times on their constructed clocks describing time using both relative and 
absolute time expressions. In contrast, results from the semi-structured one-to-one 
interview provide evidence of the nine children’s range of time expressions – some 
erroneously, to describe time. Analysis of the children’s erroneous relative time 
expressions stated to describe half past three, quarter past eleven, and quarter to six 
reveal the varying levels of competency and the complex nature of telling time. It 
would seem from the data provided that there is a possible level of complexity applied 
to interpretation of expressions from simple to complex emerging:  
1. Five forty-five: fraction and arithmetic knowledge not required to read 
absolute time on a digital clock;  
2. Fifteen minutes to six: subtraction is required for fifteen minutes to six 
relative time on an analogue clock or add thirty minutes to quarter past 
or add fifteen minutes to half past on an analogue clock; and 
3. Quarter to six: fraction part-whole interpretation and operations such as 
one whole hour subtract one quarter or add three quarters of an hour to 
the hour value or add one quarter to one half of an hour on an analogue 
clock. 
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5.2.2 Relative and absolute system as written text 
To demonstrate knowledge of the relative time system each Year 4 child needed 
to encode and process time expressions as text and recall how to write words and 
numerals required for time expressions half past, quarter past, and quarter to times 
(e.g., half and quarter written as text). To read and write text for absolute time, each 
child described and wrote numerical words for recorded times (e.g., two thirty, four 
fifteen, and ten forty-five). 
Results from previous studies (Boulton-Lewis et al., 1997; Friedman & Laycock, 
1989; Vakali, 1991) focused on children’s ability to read and record times on analogue 
and digital clock representations. No evidence within the literature search could be 
found identifying children’s preference or competency for writing times as text. 
Findings from observations and field notes indicate that the nine children could read 
fraction text in relative time expressions. Data recorded by the participants on their 
individual recording sheets provides evidence that the majority of the participants 
chose to record half past, quarter past, and quarter to times using absolute time 
expressions in text. Children also exhibited greater competence when stating absolute 
time expressions, which may influence their choice for written text. Similar to spoken 
expression, absolute time expressions demand a lighter cognitive load. 
 This intrinsic case study has reported that mundane time expressions are clearly 
encoded, described, and written as text by Year 4 children who have LD when telling 
half past, quarter past and quarter to times on analogue and digital clocks. Relative 
time expressions both spoken and written were used more as the recall of rote learnt 
statements about time while preference for absolute time expressions written as text 
was found. 
 The following Section examines the results of this study on children’s 
description and use of analogue and digital clocks and knowledge of associated 
characteristics when telling time in relation to prior research. 
5.3 CLOCK REPRESENTATIONS 
Analogue and digital clocks are instruments used to chart and measure time. The 
third research question in this study sought to examine the knowledge of clock 
representations that children who have LD demonstrate when telling the time. As 
reported in Chapter 4.3 Clock representations knowledge includes the description and 
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use of clock representation characteristics for analogue clocks (e.g., hour and minute 
hand, non-numeric minute marks (tick marks), and for digital clocks, hour and minute 
value position and a colon. Ultimately, time is perceived and matched to clock 
representations and specific mundane time expressions (Meeuwissen et al., 2004). This 
Section is organised into two sub-themes: 
 5.3.1 Analogue clock characteristics; and 
 5.3.2 Digital clock characteristics. 
 The following Section discusses the analogue clock representation knowledge 
children who have LD described and used by to tell the time. 
5.3.1 Analogue clock characteristics 
To demonstrate knowledge of analogue clock characteristics each participant 
described numerical symbols and used clock hands to construct analogue clocks to tell 
half past, quarter past, and quarter to times. The intrinsic case study data showed that 
all the participating Year 4 children who have LD were able to identify and record 
landmark numerals on their constructed analogue clocks. However, the numerals 1 to 
12 were not recorded at equally spaced intervals on some analogue clock faces. These 
results are consistent with those of Kibby et al. (2002) who found that clock 
construction skills continued to develop for some children through to the age of 12. 
Considering these findings, it may be possible that the inaccuracy of numeral positions 
on the clock face influenced children’s understanding and application of fraction 
concept when using an area model to partition an analogue clock face to tell time.  
Another finding is that all the Year 4 children who have LD understood that the value 
of the numerical symbols on their constructed analogue clock changed according to 
which clock hand was pointing to it. This intrinsic case study provides empirical 
evidence, consistent with previous research (Boulton-Lewis et al., 1997; Friedman & 
Laycock, 1989; Vakali, 1991), that children who have LD are able to describe and use 
different components of analogue clock characteristics to tell half past and quarter past 
times.  
Of particular interest is Emmerson’s description and use of tick marks on her 
constructed analogue clock. She relied on counting each tick mark to calculate half 
past and quarter past times on her constructed clock. Vakali (1991) contended that 
older children who have not developed memory retrieval or recall of image 
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representations for mundane time expressions relied on mathematical procedures (e.g., 
skip counting by fives) to read and produce times on an analogue clock.  
Another key finding of the current study, indicated that Year 4 children who 
have LD understood that analogue clock hands have a function. They reported that one 
hand is used to define the hour and the other hand is used to identify the minute value. 
They identified and labelled the hands using such language as big hand, long hand, 
short hand, and small hand. However, one of the significant issues that emerged from 
these findings was that the majority of these Year 4 children who have LD confused 
the function of the hour and minute hands. Results reported by Vakali (1991) found 
that children in Year One and Two reversed the function of the hands but less so with 
children in Year Three and Four. Williams (2004) also concluded that children 
developing their knowledge of time were prone to this type of error. This finding has 
important implications for developing explicit learning experiences for children who 
have LD to identify and describe analogue hands correctly labelling each as the hour 
and minute hand. Children also need to consolidate their knowledge that the analogue 
clock displays equal interval tick marks on a continuum for hour and minutes with or 
without numerical identification.  
 Previous studies suggested that children focus on the minute hand and need to 
select and use specific procedures such as the clock wise or passed hour rule to position 
the hour hand (Boulton-Lewis et al. 1997; Case et al., 1986, Friedman & Laycock, 
1989, Williams, 2004). Eight out of the nine children in this study used arithmetic 
procedures or retrieval of memory representations interconnected with mundane time 
expressions to accurately position the minute hand to point directly to the numerals 6 
and 3 for half past and quarter past times. Similar procedures and memory retrieval 
processes were used by seven of the nine participants to position the minute hand to 
point directly to the numeral 9 for quarter to times. In contrast, all the participants 
relied on their understanding of mundane time expressions to position the hour hand 
for half past, quarter past, and quarter to times on their constructed clocks. The data 
clearly showed that the nine children who have LD erroneously positioned the hour 
hand to point directly to the past hour stated for half past and quarter past times whilst 
positioning the hour hand to point directly to the upcoming hour stated for quarter to 
times. Thus the present results suggest that children who have LD need to accurately 
identify and use the hour and minute hand when telling time on an analogue clock. 
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These same children also need to match appropriate procedures for positioning the 
hour hand on the analogue clock for half past, quarter past, and quarter to time.   
 The following Section discusses the digital clock representation knowledge 
described and used by children who have LD to tell the time. 
5.3.2 Digital clock characteristics 
To demonstrate knowledge of digital clock characteristics each Year 4 child 
described the hour and minute positions, the colon in-between and numerals 15, 30, 
and 45 to represent minutes and 1 to 12 to represent 12-hour time on their constructed 
digital clock to tell half past, quarter past, and quarter to times.  
 The intrinsic case study data showed that six of the nine participants described 
and used digital clock characteristics on a digital clock. Finlay consistently reversed 
the hour and minute value position on her, Pat and Blake reversed the position of the 
hours and minutes when recording times on their constructed digital clocks and 
recording sheet. In contrast to results in previous research (Andersson, 2008; Friedman 
& Laycock, 1989; Vakali, 1991), this intrinsic case study found that children who have 
LD did not perform better when using a digital clock to tell half past, quarter past, and 
quarter to times. This finding is consistent with results reported by Burny et al. (2012), 
who found that the simplicity of the structure of digital clock offered limited support 
for children with MD when telling the time. Eight of the nine children were 
consistently observed using and demonstrating times on their constructed analogue 
clock before transposing the time to their constructed digital clock.  
 Another key finding is knowledge of the hour value to demonstrate half past, 
quarter past, and quarter to times on constructed digital clocks. To demonstrate 
understanding for the hours, the numeral with reference to the past hour, is written in 
the hour value position on the digital clock display (e.g. half past 2 is displayed as 
2:30; quarter past one is displayed as 1:15 and quarter to five is displayed as 4:45). Six 
of the nine participants described and wrote the past hour in the hour value position 
for half past and quarter past times on their constructed digital clocks. However, the 
data clearly showed that the nine children who have LD erroneously described and 
wrote the upcoming hour stated for quarter to times on their constructed digital clocks. 
This finding is consistent with results reported by previous studies which suggested 
that primary age children in general have great difficulty selecting and using 
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procedural strategies needed to read and record complex times such as quarter to the 
hour (Burny et al., 2012; Boulton-Lewis et al., 1997; Vakali, 1991; Williams, 2004).  
 Thus findings about the knowledge of clock representations used by Year 4 
children who have LD in this intrinsic case study are consistent with those reported by 
Burny et al. (2012), who reported that children with MD make errors on both clock 
representations when telling half past, quarter past, and quarter to times. 
 The following Section investigates the potential contribution of Cognitive 
systems to performance and competency when telling time. 
5.4 COGNITIVE SYSTEMS (WORKING MEMORY) 
As the data from this study illustrated, telling the time is based on a coordinated 
interchange of procedures and strategies incorporating domain specific knowledge 
(Mathematics), mundane time expressions, and clock representations to successfully 
tell the time (Burny et al. 2012). Cognitive systems such as working memory and long 
term memory also support competency within the mathematical domain (Geary, 2004; 
Hecht & Vagi, 2010). Numerous scholars assert that children who have LD 
demonstrate lower capacity of domain general components (e.g., central executive, 
phonological memory and visuospatial memory). These components in turn contribute 
to low mathematics performance (Andersson, 2008; Burny et al., 2012; Hecht & Vagi, 
2010; Li & Geary, 2013; Mazzocco et al., 2013). As mathematical processes and 
strategies are required to tell the time it appears that such connections exist between 
the performance of cognitive systems of children who have LD and telling the time. 
This study acknowledges the importance prior research has documented correlating 
individual differences of children with domain general abilities as a contributing factor 
for low mathematics achievement (Geary et al., 2007; Hecht & Vagi, 2010; Li & 
Geary, 2013; Mazzocco et al., 2013; Siegler et al., 2013). 
The following Figure 5.1 shows the working memory and connected 
components accessed when telling the time on analogue and digital clocks for any 
child. 
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Figure 5.1. Cognitive systems accessed for retrieval of information necessary for telling the time 
(Based on work and theories of: Li & Geary, 2013; Hecht & Vagi, 2010; Siegler et al., 2013; Korvorst 
et al., 2007). 
Burny et al. (2012) concluded that the mathematical procedures and retrieval of 
memory representations associated with telling the time increase the load on the 
cognitive system of children who have LD. When telling the time children who have 
LD access and use mathematical knowledge, mundane expressions, and clock 
representation information stored in the working memory. The central executive, 
phonological memory, and visuospatial memory may enable control mechanisms to 
coordinate and manipulate information simultaneously (Li & Geary, 2013). 
Visuospatial processes contribute to the construction of mental representations such as 
the fraction area model, numerals, and the coordination of procedural operations 
(Hecht & Vagi, 2010; Siegler et al., 2013). To tell time using an analogue clock 
children use their visuospatial working memory to distinguish between the hour and 
minute hands, determine the numeral or non-numeric tick mark to which each hand is 
pointed and make links to specific relative time expressions (Burny et al., 2012). 
Phonological memory associated with telling the time may contribute to the encoding, 
processing, and producing mundane time expressions (Korvorst et al., 2007).  
 To tell time when using a digital clock children use their visuospatial working 
memory to recall numerals together with the position of the numerals in relation to the 
colon (e.g., for 12-hr time the left hand side of the colon represents the passing hours 
up to twelve) while the right hand side represents passing minutes up to 59 with 00 
representing the hour exactly (Burny et al., 2012).  
It may be that individual differences in the cognitive systems of children who 
have LD influence their ability to:  
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 coordinate and manipulate information involving domain specific 
knowledge (Mathematics), mundane time expressions, and clock 
representations; 
 encode and process verbal information (e.g., fraction specific words; 
arithmetic procedures, counting numbers, time facts, and mundane time 
expressions);  
 perceive and generate visual representations (e.g., fraction models, 
numerals from 0 to 60, time expressions as written text, and clock 
characteristics); and 
 encode and generate relative language expressions and clock 
representations characteristics (e.g., the position of analogue clock hands 
and stated time expression). 
 While this study revealed that connections exist between the domain specific 
knowledge (mathematics), mundane time expressions, clock representations, cognitive 
systems, and the ability to tell time, more research on this topic is required.  
 The following Section summarises the complex network of connected 
components needed to tell the time and provides a web of connected knowledge. 
5.5 NECESSARY COMPONENTS FOR TELLING TIME 
The evidence gathered when answering the questions of this intrinsic case study 
demonstrate the complexity of necessary components used when children who have 
LD tell the time. The findings suggest that domain specific knowledge (Mathematics), 
mundane time expressions, clock representation, and domain general cognitive 
processes facilitate the learning of telling time. The findings of this intrinsic case study 
are supported by prior research (Bock et al., 2003; Friedman and Laycock, 1989; Li & 
Geary, 2013; Williams, 2012; Vukovic et al., 2014). This intrinsic case study focused 
on the fraction knowledge of children who have LD as they made sense of the complex 
notion of telling time. 
 Using the analysis of the data from this study and the results from previous 
research, it is postulated that there are potentially four primary components involved 
when telling the time (Burny et al., 2012; Hecht & Vagi, 2010, Meeuwissen et al., 
2004; Williams, 2012). To make this clearer a web has been constructed by this 
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researcher to show the connections as in Figure 5.2. The hierarchical structure of the 
web demonstrates the depth of understanding required to function competently when 
telling the time. The responses, in this intrinsic case study, from the children who have 
LD are reported in Chapter 4. These responses clearly demonstrate the connections 
between the identified components for telling time. It is these necessary components 
that create the complexity of telling the time when encountered by children who have 
LD. 
 
Figure 5.2. The Complexity of Telling Time Web1 
The overall findings of this intrinsic case study show the predominate use of 
knowledge connected to number and arithmetic operations. This suggests that Year 4 
children who have LD have not developed sufficient understanding and fluency of 
                                               
 
1 Based on the work and theories of: ACARA, 2015a; Andersson, 2008; Bock et al. 
2003; Boulton-Lewis et al., 1997; Burny et al., 2012; Friedman & Laycock, 1989; 
Geary, 2004; Hecht & Vagi, 2010; Jordan et al., 2013; Kovorst et al., 2007; Li & 
Geary, 2013; Mazzocco et al., 2013; Meeuwissen et al., 2004; Siegler et al., 2013; 
Vukovic et al., 2014; Williams, 2004; 2012. 
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fractions and experience applying their fraction knowledge to minutes-hours when 
telling time. 
 Data collected on the children’s use of digital and analogue clocks in an 
authentic, constructivist assessment context shed light on the opportunities they 
encountered to use, apply, evaluate, and create time situations. Children who have LD 
achieve a depth of understanding when they recognise, select and use, and 
communicate their reasoning for applying the different components to tell time. When 
domain specific knowledge (Mathematics), mundane time expressions, knowledge of 
clock representations, and cognitive systems come together in a coherent way children 
who have LD are empowered to read, record, check, reflect on, and evaluate specific 
times and create their own time stories. 
The following Section highlights important curriculum implications that have 
emerged from the findings of this intrinsic case study. It offers suggestions when 
planning learning experiences to teach twelve-hour time telling successfully to 
children who have LD. 
5.6 EDUCATIONAL IMPLICATIONS AND SUGGESTIONS FOR 
TEACHING KNOWLEDGE AND PRACTICE 
After thoroughly analysing the knowledge children who have LD use when 
telling the time, it is important to consider the educational implications. This cohort of 
children can have their learning supported in different ways by making connections 
explicit between fraction knowledge and telling the time. The findings of this study 
provides data about educational implications related to conceptual understandings in 
domain specific knowledge (Mathematics), instructional practices and student 
achievement. For ease of interpretation and application consider the following 
sections: 
 Section 5.6.1 highlights implications for curriculum implementation of 
telling time learning experiences involving Mathematics, mundane time 
expressions and clock representations, for children who have LD; and 
 Section 5.6.2 offers suggestions for explicit instruction and teaching 
practices to build knowledge and understanding for children who have 
LD when telling the time. 
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The following Section highlights implications for curriculum implementation of 
telling time learning experiences for children who have LD. 
5.6.1 Implications for curriculum implementation 
Curriculum needs to make explicit the connections within domain specific 
knowledge (Mathematics), and among mundane time expressions and clock 
representations for conceptual understanding of time, in particular half past, quarter 
past, and quarter to time (Andersson, 2008; Burny et al., 2009; Burny et al., 2013).  
Fraction knowledge is an important component of the Mathematics curriculum. 
In the early years of primary education the focus is on developing the part-whole 
interpretations of fractions i.e., that a whole can be partitioned into a number of equal 
parts. When telling the time there needs to be an increased emphasis on understanding 
that the whole relates to time facts, one hour is 60 minutes and that the fractional parts 
are equal parts of the hour and are expressed as minutes. One hour can be partitioned 
into 2 equal half hours with one half being thirty minutes: 4 equal quarter hour times 
with one quarter being fifteen minutes. 
For telling the time, models (area and number line) used to investigate the 
fractions could highlight the importance of recognising the hour as a whole. 
Connections between the two different models need to be explicit through the 
reinforcement of a fraction as an equal part of a whole. The area model is imposed on 
an analogue clock face as the representation of time. It must be explicitly connected to 
the time facts of one hour is sixty minutes: half hour is thirty minutes i.e., two equal 
parts of an hour: and quarter hour is fifteen minutes i.e., four equal parts of an hour. 
The number track and number line model can develop the fraction knowledge 
understanding of one whole hour using sixty minutes; half hour as two equal parts of 
sixty minutes, each part being thirty minutes, and a quarter hour as four equal parts of 
sixty minutes, each part being fifteen minutes. Developing understandings about time 
using both fraction models could provide the understanding, fluency and reasoning for 
all children including those who have LD when telling time.  
Number knowledge should focus on developing a thorough understanding of 
number up to and including at least 45. Skip counting in fives could extend to at least 
45 with knowledge of skip counting by fives to 60. Time facts should be linked to 
analogue and digital clocks and number line/track representations. Arithmetic 
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processes for fractions need to be explicitly linked to units of time (e.g., a quarter of 
an hour is sixty minutes divided into four equal parts. Each part has fifteen minutes). 
Relative and absolute language expressions of time need to be defined and understood 
when listened to, described or written in text. 
Analogue and digital clock characteristics need to move beyond the physical 
descriptions of movement by minutes and include knowledge of the movement of the 
hour hand or hour position value (e.g., hour hand on the analogue clock positioned 
half, quarter or three quarters between the numerals for the past and upcoming hours. 
Numerals recorded in the hour position on the digital clock are identified with the past 
hour not the upcoming hour). Curriculum sequences need to align expectations for 
learning to tell time with achievement of understandings of fractions and fluency with 
arithmetic processes. 
The following section offers suggestions for explicit instruction and teaching 
practices for educators of children who have LD or all children. 
5.6.2 Explicit instruction and teaching practices 
The planning for implementation of adjustments instruction will support 
learning for children who have LD. 
 From the results of this intrinsic case study direct instruction of fractions within 
real world time contexts has been argued and supported. The constructivist approach 
provides opportunities for educators to engage in conversations and employ 
questioning strategies to investigate the knowledge, procedures and strategies children 
who have LD select and use as they describe and demonstrate times. Allowing time 
and by providing a variety of materials to construct analogue and digital clocks brings 
an unsurpassed degree of motivation, engagement, and ownership to the tasks about 
time. Constructivist principles can also be applied to the design and implementation of 
assessments to investigate and identify the knowledge, procedures, and strategies 
selected and used by children who have LD when telling time.  
Educators should allow children to work collaboratively on tasks about time. 
Social interactions with peers and adults facilitates thinking about time expressions to 
use to exchange knowledge, identify different ways of working, and seek support to 
investigate and explore, and correct erroneous thinking and reasoning. Knowledge can 
be affirmed, challenged or extended through safe learning environments focussed on 
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the learner experiencing success in learning about time (Burny et al., 2012; Williams, 
2012, Windschitl, 2002). 
The Complexity of Telling the Time Web (Figure 5.2) developed through this 
study can be used for planning for teaching and learning and assessment. The web may 
be used to inform the educator about the focus for teaching and learning and identify 
a focus for additional support to promote success when half, hour, quarter past, and 
quarter to times.   
 Fraction knowledge (e.g. part-whole interpretation and fraction models: area 
and number line), need to be connected to arithmetic procedures (e.g., addition 
operation to add minutes for half past or quarter past times), numbers (e.g., recognition 
and recording numerals 0 to at least 45, then to 60), and clock representations (e.g. 
analogue and digital clocks) to facilitate the development of conceptual and procedural 
knowledge when telling time. The results of this study support the idea that children 
who have LD need to progress from skip counting by fives to tell half, and quarter 
hour times to more complex arithmetic procedures that link to thinking about half, and 
quarter hour times as fractions of one hour: sixty minutes. 
 Children who have LD need support to comprehend and meaningfully use time 
expressions (relative or absolute). Relative time expressions need to be explicit when 
fraction knowledge is linked to telling time. Educators may find it helpful to expand 
relative time expressions by making connecting syntactic to semantic meaning (e.g., 
quarter past 9 = a quarter of one hour past 9 o’clock) so that children come to 
understand the expression format (e.g., fraction of minutes past hour). Educators need 
to explicitly teach procedural processes and thinking with these relative time terms. 
Planning for learning absolute time expressions also includes consideration of 
number knowledge for numerals 0 to 60. This difference in complexity has led 
researchers to report that relative language expressions require greater conceptual 
planning than absolute language expressions (Brock et al., 2003; Korvorst et al., 2007; 
Kuchinsky et al., 2011). However, educators must be aware that children who have 
LD may be able to recite the time using absolute language expressions without 
knowing what time it is or making connections with the components of knowledge 
needed to understand what time is. Furthermore, the term past and to could use require 
arithmetic procedures but were ignored by some participants.  
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Data from this study also suggest that experience with analogue and digital 
clocks should be provided concurrently for Year 4 children who have LD. Building 
knowledge of time on the analogue clock before transferring the knowledge to the 
digital clock will support children who have LD. Landmark numerals on the analogue 
clock can be used to implement the count by fives strategy before transferring 
understandings about time to a digital clock.  
 Regular time telling opportunities incorporating authentic and active situations 
provides children with experiences and practise to develop and extend on their ability 
to tell time (Williams, 2012). Prior to instruction, educators should be mindful when 
planning that not all children may have achieved understanding, fluency or reasoning 
of previous year level time content. Additional instruction of telling time within the 
mathematics term planning cycle will provide revision opportunities for children who 
have LD to consolidate learning.  One of the participants described the positive 
consequence of regular participation involving time tasks during an assessment 
activity. He stated “I’m good at time but when I, when I haven’t done it for a while I 
take a little bit” (G1 Session 4, Hayden). Boulton-Lewis et al. (1997) also highlighted 
the need for recursive instruction for telling time for children from Year One to Year 
Six. Andersson (2008) concluded that regular time telling practise (in both formal and 
informal learning situations) may positively support proficiency in other mathematical 
areas. 
Current research into domain specific knowledge (Mathematics) acknowledged 
the contribution working memory has on learning ability and difficulties experienced 
by children (Hecht & Vagi, 2010; Li & Geary, 2012; Mozocco et al., 2013). To tell the 
time, connections to cognitive systems must be supported so that information 
involving mathematics content, language systems, and clock representations can be 
coordinated and manipulated efficiently to avoid overload on rote learnt experiences 
to tell time. To achieve a greater depth of understanding and competency when telling 
time children who have LD require explicit recursive teaching involving mathematics 
concepts of fractions, arithmetic procedures to work with fractions, and explicit 
knowledge and understanding of time facts. The use of mathematical manipulatives 
(e.g., real life analogue clocks and number lines to 60) will also support visuospatial 
memory (Hecht& Vagi, 2010; Mazzocco et al., 2013; Vukovic et al., 2014).  
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 The following chapter provides a summary of the findings and identifies 
theoretical, methodological and pedagogical contributions of this study. In addition, 
the limitations of the study and directions for future research are identified. A final 
conclusion is reported and culminates the document. 
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Chapter 6: Conclusions 
This intrinsic case study has explored the knowledge, procedures, and strategies 
implemented by nine Year 4 children LD as they engaged in four assessment activities 
asking them to read and record twelve-hour time on their constructed analogue and 
digital clocks. A one-to-one semi-structured interview was also conducted. This study 
has focused on domain specific knowledge (Mathematics), specifically the use of 
fractions when telling half past, quarter to and quarter past times. This phenomenon 
has received minimal attention, particularly in the educational domain and is limited 
in both its depth of analysis of what children who have LD think and say when telling 
time and breadth of relevant studies.  The following research questions guided this 
intrinsic case study:   
1. What fraction knowledge and other domain specific knowledge 
(mathematics) do children who have LD demonstrate when telling the 
time?  
2. What mundane time expressions do children who have LD encode, 
describe, and write as text when telling the time? 
3. What knowledge about clock representations do children who have LD 
demonstrate when telling the time? 
 The final chapter is organised into five major sections to conclude this research 
study: 
 Section 6.1 summarises the key findings of the study; 
 Section 6.2 identifies the theoretical, methodological and pedagogical 
contributions of the study; 
 Section 6.3 discusses the limitations of the study;  
 Section 6.4 recommends directions for future research; and 
 Section 6.5 reports a final conclusion. 
The following Section provides a summary of the major findings of this study. 
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6.1 SUMMARY OF FINDINGS 
 Using the research questions of this intrinsic case study as a guide, Chapter 4 
reported a detailed description of data collected from nine Year 4 children who have 
LD and Chapter 5 discussed the intrinsic case study results as it aligns with other 
research. The use of fraction knowledge when telling the time and mundane time 
expressions involving half past, quarter past, and quarter to were of particular interest 
during the assessment activities based on a constructivist pedagogical approach.  
 Telling analogue and digital times for half past, quarter past, and quarter to an 
hour has been reported for children who have LD. This study has clearly revealed their 
mathematical knowledge and understanding made strong links to:  
 the fraction area model to locate half and quarter past on the analogue 
clock; 
 parts of a whole (e.g., 2 halves in a whole); 
 everyday representations for fractions (e.g., half a pizza);  
 skip counting by 5’s to locate half past and quarter past an hour; and 
 knowledge of numbers to tell time on a digital clock.  
Their mathematical thinking did not make strong links to: 
 identifying the value of the whole (1 hour as 60 minutes); 
 fraction area model to locate quarter to on the analogue clock; 
 fractions of an hour in minutes (e.g., number line for one whole hour 60 
minutes, half hour 30 minutes, quarter hour 15 minutes); 
 equal parts of a whole (e.g., equal parts of a whole for quarter); 
 arithmetic to calculate time (e.g. subtraction from the upcoming hour or 
addition to the half hour to calculate quarter to time); 
 arithmetic to calculate time (e.g. division of one hour into equal minute 
portions for half hour and quarter hour time); and 
 time facts when telling time (e.g., 1 hour = 60 minutes). 
 Their thinking about mundane time expressions made strong links to:  
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 absolute time expressions when spoken for analogue and digital times 
(e.g. two thirty, five fifteen and six forty-five); 
 absolute time expressions when written as text; 
 relative time expressions when spoken for half hour and quarter past 
times; and 
 learned locations for the placement of analogue clock hands for time 
(e.g., quarter past is 3). 
 Their thinking about mundane time expressions did not make strong links to: 
 relative time expressions when spoken for quarter to times (e.g. quarter 
to four or forty-five minutes past three); 
 relative time expressions when written as text for half hour, quarter past 
or quarter to times; 
 fraction knowledge to interpret half and quarter hour relative time 
expressions; and 
 to, when interpreting relative time expression quarter to.  
Their clock representations made strong links to: 
 sequencing landmark numerals (e.g., 3, 6, 9, 12) around the analogue 
clock face initially; 
 analogue clock characteristics (big hand / long hand, short hand / small 
hand and marks for minutes);  
 the numerals representing more than one concept on the analogue clock 
face; 
 the position of the minute hand on the analogue clock for half past and 
quarter past an hour; 
 digital clock characteristics (hour minute position and colon); and 
 analogue clock representation of time before digital representations of 
time. 
Their clock representations did not make strong links to: 
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 analogue clock characteristics (equally spaced numerals 1 to 12); 
 analogue clock characteristic (equally spaced tick marks for minutes); 
 analogue clock characteristics (hour hand, minute hand); 
 the position of the minute hand on the analogue clock for quarter to an 
hour; 
 the position of the hour hand on the analogue clock for half past, quarter 
past or quarter to an hour; and 
 the past hour to record quarter to time on the digital clock.  
This summary reveals how Year 4 children who have LD demonstrated their 
knowledge of telling the time during four assessment activities. These insights are 
particularly timely for teachers who are planning for and supporting children who have 
LD in their classes.   
The following Section identifies the theoretical, methodological and pedagogical 
contributions of this intrinsic case study to education. 
6.2 CONTRIBUTIONS OF THE STUDY 
Data from this intrinsic case study has potential to provide contributions to 
education on a theoretical, methodological, and pedagogical basis.  
Theoretically, the data from this intrinsic case study supports previous research 
that reported multiple components are involved when telling the time (refer to 
Complexity of Telling the Time web, Figure 5.2) i.e., domain specific knowledge 
(Mathematics) connects with mundane time expressions, clock representations and 
cognitive systems. This intrinsic case study specifically addressed the need for fraction 
understanding, fluency, reasoning, and problem solving when telling half past, quarter 
past, and quarter to times. 
Methodologically, the data from this intrinsic case study demonstrates that Year 
4 children who have LD benefit from task design and assessment that is qualitative, 
constructivist, and supportive. Qualitative, in that the focus is on investigating how 
Year 4 children who have LD select and use their conceptual and procedural 
knowledge when presented with assessment tasks. Constructivist, through the 
provision of authentic assessment contexts by combining engaging children’s 
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literature, ‘hands on’ tasks, different ways to demonstrate the same learning, and 
opportunities to work individually and collaboratively. Supportive, through the 
planning of open ended questions and sensitivity to when questions will be asked to 
further investigate children’s thinking and reasoning. As a final point, regular 
occasions for the Year 4 children who have LD to reflect on their thinking and 
reasoning during the semi-structured assessment sessions and a one-to-one interview 
created an atmosphere for sharing and evaluating existing knowledge. 
Pedagogically, the data from this intrinsic case study demonstrates the 
complexity of teaching children who have LD to tell the time. The Complexity of 
Telling Time web (Figure 5.2) provides a comprehensive view of such complexity. 
Teaching telling time requires an understanding of and transference of the meaning of 
the fractions to the context of time. Teachers can use the web when planning learning 
experiences and assessment for Year 4 children who have LD. The web can also be 
used to report on learning and provide specific feedback to inform and support future 
learning. Given the methodological approach described above, the qualitative, 
constructivist, supportive approach can also be adopted to engage Year 4 children who 
have LD in learning experiences involving time.   
The following section discusses some limitations in the execution of and 
conclusions drawn from this intrinsic case study. 
6.3 LIMITATIONS 
Theoretical and methodological limitations should be considered when 
interpreting the results from the intrinsic case study.  
 A theoretical limitation of this study was no literature was identified about what 
fraction knowledge is integral to telling half past, quarter to, and quarter past time 
(Research question 1 of this intrinsic case study). Only a few key research studies 
provided evidence of the difficulties children encounter when telling the time. The 
definitions provided of the learning difficulty were variable for each child. While, the 
children selected for this intrinsic case study did not meet grade level achievement 
standards, there was also insufficient rigor in their diagnostic identification. As such 
global theoretical claims about Year 4 children who have LD when telling the time 
should be considered with caution. 
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 The methodological limitations of this study was the sample size and narrow 
age group of the nine children of the intrinsic case study. This small sample size places 
limitations on conclusions drawn from gathered data. The targeted Year 4 age group 
used for this study could have limited children’s experience with and learning about 
fractions prior to the assessment activities about telling half past, quarter past, and 
quarter to times.  
 Children who have LD may themselves have placed limitations on gathered 
data. Their ability to describe and demonstrate their knowledge is influenced by 
persistent difficulties with reading, writing, and mathematics. Other contributing 
factors include poor self-efficacy, lack of experiences, different interpretations of 
learning experiences, cognitive ability, and socio-economic status.   
 The selection of one middle-low socio-economic government state school in a 
metropolitan area limits the conclusions drawn to similar populations. This excludes 
generalizations to indigenous populations and students with different diverse learning 
needs.  
 Future research based on this intrinsic case study should take into account these 
recognised limitations.  
The following Section provides recommendations for future research. 
6.4 DIRECTIONS FOR FUTURE RESEARCH 
There is a paucity of relevant literature about telling the time. This intrinsic case 
study demonstrates clearly that telling time requires connections between domain 
specific knowledge (Mathematics), mundane time expressions, clock representations, 
and cognitive systems. Further research could focus on specific connections between 
fraction knowledge, time facts and the number line for children who have LD. Another 
investigation could research the positioning of the hour hand on an analogue clock and 
the connections among fraction knowledge, relative language expressions, and 
arithmetic procedures selected and used by children who have LD.  Furthermore, 
research could replicate this intrinsic case study using a larger sample size to allow 
comparisons between groups and strengthen conclusions drawn for children who have 
LD.  
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Telling the time is an abstract concept that involves complex procedures and 
strategies that have proven to be quite challenging for all children and demands unique 
instructional practices from teachers (Burny et al., 2013; Vakali, 1991; Williams, 
2012). More research needs to be done to address the difficulties of all children when 
telling the time to develop a full picture of the knowledge, procedures, and strategies 
across all components identified in the Complexity of Telling the Time Web (Figure 
5.2). This future research may be achieved by comparing the experiences of children 
who have LD with their normally achieving peers in the same year level (Boulton-
Lewis et al., 1997; Andersson, 2008). Results from future research would challenge or 
strengthen conclusions drawn in this intrinsic case study. 
  Finally, a study that employs the use of Complexity of Telling the Time Web 
(Figure 5.2) as a teaching tool for children who have LD is required. The purpose is to 
evaluate and refine teaching and learning experiences so that they explicitly connect 
to domain specific knowledge (Mathematics), mundane time expressions, clock 
representations, and cognitive systems when telling the time on analogue and digital 
clocks.  
The final Section concludes this document and reports a summary of this 
research. 
6.5 CONCLUSION 
Thesis research findings suggest that in order to tell the time children who have 
LD must connect domain specific knowledge (Mathematics), mundane time 
expressions, clock representations and cognitive systems, in a coherent way. Previous 
research has shown that the complex selection and use of procedures and strategies 
required to tell time have proven to be quite challenging for children (Andersson, 2008; 
Burny et al., 2012; Vakali, 1991). The results from this study clearly confirms that this 
is also the case for children who have LD. 
 Children who have LD demonstrate variable understanding, when they select 
and use the different components when telling time. However a key element for 
functioning at a higher level of competency involves the selection and use of fraction 
knowledge. This research shows fraction knowledge in particular part-whole 
interpretation to be at the very foundations of the concept of telling half past, quarter 
past, and quarter to times. Conceptual understanding that time can be partitioned in 
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equal parts to represent hours and minutes and ultimately seconds is fundamental. The 
number line model using the knowledge of one hour being 60 minutes is better suited 
to demonstrate the part-whole interpretation for both an analogue and digital clocks 
simultaneously. The use of the fraction area model merely assists children to perceive 
fraction reasoning for an analogue clock only.  
 Fraction words and text (half and quarter) are used in relative time expressions. 
From Year one children are expected to describe and use fraction words and text when 
telling the time. Fraction conceptual understanding is essential for comprehending 
these relative time expressions.  
 Results from this research have identified misunderstandings that occur when 
children rely on number and arithmetic understanding to tell the time. It is imperative 
that children connect fraction knowledge with number and arithmetic knowledge if 
they are to generate their own time stories and create, reflect on, and evaluate time 
situations without errors.  
 In response to results from the data collected from this intrinsic case study a 
web highlighting the components necessary to tell time was developed (Figure 5.2). 
Educators should consider the components identified on the web when preparing 
lessons and making decisions on instructional practices and resources that best suit 
time concepts for children who have LD. Furthermore, educators may find the web 
useful as a diagnostic tool to identify the components being selected and used by the 
children and identify the components that require additional instruction and support to 
facilitate continued success in learning to tell time. Educators must provide explicit 
instruction connecting the primary components of time while making available 
appropriate concrete material and mathematical manipulatives to support learning and 
academic achievement of children who have LD when telling half past, quarter past, 
and quarter to time. 
 Time is a complex, abstract concept situated in a real world context. Members 
of society are expected to confidently and competently describe and use time as a life 
organiser. Children who have LD require authentic experiences and targeted support 
to connect the necessary components when telling half past, quarter past, and quarter 
to time on analogue and digital clocks. 
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Appendix A 
Assessment activity: Session 1 
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Appendix B 
Assessment activity: Session 2 
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Appendix C 
Assessment activity: Session 3 
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Appendix D 
Assessment activity: Session 4 
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Appendix E 
Classroom set up 
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Appendix F 
Work sample recording sheet 
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Appendix G 
Field notes template 
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Appendix H 
One-to-one semi-structured interview 
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Appendix I 
Criteria precodes for assessment for half past the hour time 
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Appendix J 
Criteria precodes for assessment for quarter past the hour time 
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Appendix K 
Criteria precodes for assessment for quarter to the hour time 
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Appendix L 
Transcribed excerpts reporting participant use of skip counting by fives 
from assessment activity sessions or one-to-one assessment activity sessions 
or one-to-one semi-structured interview for Hayden, Emmerson, Waverly, 
Darcy, Finlay, Farren, Pat, Dakota and Blake 
Hayden stated: 
 I counted in fives and worked out that quarter to was nine forty-five. (G1 Session 4, Hayden) 
 I thought, well, it’s quarter to, so, I worked out that there was four quarters in the clock and if 
 it was quarter to then, then from the one to the three would be the first quarter, then three  to 
 six would be the  second, and then the third quarter would be six to nine, and then, and then I 
 started counting backwards in fives from the sixty which is the twelve. (Interview, Hayden) 
Emmerson stated: 
HC So how did you work out to be able to show quarter to on the analogue clock? How did you, 
 what were your steps for working out, to show that time? 
E  I (counted in five minutes). (G2 Session 4, Emmerson) 
Waverly stated: 
 So the big hand goes on the eight. And then count to, count in fives all the way round until 
 you get to forty-five and yeah. (G2 Session 4, Waverly) 
Darcy stated: 
HC Tell me something that you had to think about today when you were telling the time 
D To count in fives… and the minute hand and the hour hand.  
 (G1 Session 4 - reflection, Darcy) 
Finlay stated: 
HC Great, and how did you know how to show that time on the analogue clock? 
F Because if I count in fives. (G1 Session 3,Finlay) 
 
Farren stated: 
 
HC And, Farren what about you? What did you have to think about? 
F I, I had to think about if it was half past, quarter past or quarter to. 
HC Uhum, and what did you have to think about?  
F I had to think about if it’s correct or something like that. 
HC And how did you work out if it was correct? 
F I counted in fives around the clock. (G2 Session 1 - reflection, Farren)  
Pat stated: 
 I counted by fives, to forty-five. (G1 Session 3, Pat) 
Dakota stated: 
 I had to think about for the fifteen, you had to know how to count in fives. (G2  Session 3, 
 Dakota) 
Blake stated: 
 By counting in fives, like five, ten, fifteen, twenty and twenty-five, thirty, thirty-five, forty, 
 forty-five, fifty, like it’s just like a five times table. (G2 Session 4 - reflection, Blake) 
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Appendix M 
Transcribed excerpts reporting participant identification of numerals to 
45 from assessment activity sessions or one-to-one semi-structured 
interview for Hayden, Emmerson, Waverly, Darcy, Finlay, Farren, Pat, 
Dakota and Blake 
Hayden stated: 
 Just to count in fives until I got to 45. (G1 Session 4 - reflection, Hayden) 
 I will have forty-five for the, for the minutes and, and I’ll have, the, I’ll have the six for the 
 hour. (Interview, Hayden) 
Emmerson stated: 
HC Aright, what’s your time? 
E Nine forty-five. (G2 Session 4, Emmerson) 
E  This one’s eight forty-five. When this one you put it, you have to count it up and you put it 
at the right spot and the, the small one in the eight to make sure it’s the right number. 
HC So when you are counting up to put it in the right spot, how do you know when the right spot 
is? 
E By a, like counting each box and then like, and then the numbers help you. 
HC Ok so you were counting each individual tick mark? 
E Yeah. (Interview, Emmerson) 
Waverly stated: 
 Cause I know that half past nine, so it’s nine, cause it’s half way and then five, ten, fifteen, 
twenty, twenty-five, thirty, I was wrong there, cause thirty minutes is half and then, twenty 
minutes is there, then forty-five minutes is there. (Interview, Waverly) 
 
Darcy stated: 
HC How about this time? 
D Five forty-five. (Interview, Darcy) 
Finlay stated: 
HC  Tell me this time that you have here. 
F Ten forty-five. (G1 Session 3, Finlay) 
Farren stated: 
F That around the clock at each point is five and so I counted in five, that’s five, ten fifteen 
 and fifteen was there and twenty, twenty-five, thirty, thirty-five, forty, forty-five was 
 there. 
HC But how do people then do that when it comes to the digital time, cause Farren you said that 
 you do the digital clock first and you can’t really count in fives on the digital clock.  
F No you can get the, you can get the numbers and then put them on you would know which 
 one is which cause you can’t have one, two three, four, five, six, seven, eight on the other 
 one but on the first one you can and it’s only fifteen, thirty and forty-five.  
 (G2 Session 4 - reflection, Farren) 
Pat stated: 
 I counted by fives, to forty-five. (G1 Session 3, Pat) 
 Forty-five is going to be the minute hand and the ten that I choose is going to be hour 
 hand. (Interview, Pat) 
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Dakota stated: 
 I counted in fives, by five, ten, fifteen, twenty, twenty-five, thirty, thirty-five, fifty, fifty-
 five. (G2 Session 4, Dakota) 
Blake stated: 
 I know that from here when you count, like five, ten, fifteen, twenty, twenty-five, thirty, 
 thirty-five, forty, forty-five. (G2 Session 4, Blake) 
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Appendix N 
Examples of half past time represented on constructed analogue and 
digital clocks during an activity session and the one-to-one interview by 
Hayden 
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Appendix O 
Examples of quarter past time represented on constructed analogue and 
digital clocks during an activity session and the one-to-one interview by 
Hayden 
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Appendix P 
Examples of quarter to time represented on constructed analogue and 
digital clocks during an activity session and the one-to-one interview by 
Hayden 
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Appendix Q 
Examples of half past time represented on constructed analogue and 
digital clocks during an activity session and the one-to-one interview by 
Emmerson 
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Appendix R 
Examples of quarter past time represented on constructed analogue and 
digital clocks during an activity session and the one-to-one interview by 
Emmerson 
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Appendix S 
Examples of quarter to time represented on constructed analogue and 
digital clocks during an activity session and the one-to-one interview by 
Emmerson 
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Appendix T 
Examples of half past time represented on constructed analogue and 
digital clocks during an activity session and the one-to-one interview by 
Waverly 
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Examples of quarter past time represented on constructed analogue and 
digital clocks during an activity session and the one-to-one interview by 
Waverly 
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Appendix V 
Examples of quarter to time represented on constructed analogue and 
digital clocks during an activity session and the one-to-one interview by 
Waverly 
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Examples of half past time represented on constructed analogue and 
digital clocks during an activity session and the one-to-one interview by 
Darcy 
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Appendix X 
Examples of quarter past time represented on constructed analogue and 
digital clocks during an activity session and the one-to-one interview by 
Darcy 
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Appendix Y 
Example of quarter to time represented on constructed analogue and 
digital clocks during an activity session by Darcy 
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Appendix Z 
Examples of half past time represented on constructed analogue and 
digital clocks during an activity session and the one-to-one interview by 
Finlay 
 
 
  
 162 Appendices 
Appendix AA 
Examples of quarter past time represented on constructed analogue and 
digital clocks during an activity session and the one-to-one interview by 
Finlay 
 
 
  
  
Appendices 163 
Appendix AB 
Examples of quarter to time represented on constructed analogue and 
digital clocks during an activity session and the one-to-one interview by 
Finlay 
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Appendix AC 
Examples of half past time represented on constructed analogue and 
digital clocks during an activity session and the one-to-one interview by 
Farren 
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Appendix AD 
Examples of quarter past time represented on constructed analogue and 
digital clocks during an activity session and the one-to-one interview by 
Farren 
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Appendix AE 
Examples of quarter to time represented on constructed analogue and 
digital clocks during an activity session and the one-to-one interview by 
Farren 
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Appendix AF 
Examples of half past time represented on constructed analogue and 
digital clocks during an activity session and the one-to-one interview by 
Pat 
 
 
  
 168 Appendices 
Appendix AG 
Examples of quarter past time represented on constructed analogue and 
digital clocks during an activity session and the one-to-one interview by 
Pat 
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Appendix AH 
Examples of quarter to time represented on constructed analogue and 
digital clocks during an activity session and the one-to-one interview by 
Pat 
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Examples of half past time represented on constructed analogue and 
digital clocks during an activity session and the one-to-one interview by 
Dakota 
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Appendix AJ 
Examples of quarter past time represented on constructed analogue and 
digital clocks during an activity session and the one-to-one interview by 
Dakota 
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Appendix AK 
Examples of quarter to time represented on constructed analogue and 
igital clocks during an activity session and the one-to-one interview by 
Dakota 
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Appendix AL 
Examples of half past time represented on constructed analogue and 
digital clocks during an activity session and the one-to-one interview by 
Blake 
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Appendix AM 
Examples of quarter past time represented on constructed analogue and 
digital clocks during an activity session and the one-to-one interview by 
Blake 
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Appendix AN 
Examples of quarter to time represented on constructed analogue and 
digital clocks during an activity session and the one-to-one interview by 
Blake 
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Appendix AO 
G1 participants’ recording sheet work sample of half past times 
transferred from constructed analogue and digital clocks 
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Appendix AP 
G2 participants’ recording sheet work sample of half past times 
transferred from constructed analogue and digital clocks 
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Appendix AQ 
G1 participants’ recording sheet work sample of quarter past times 
transferred from constructed analogue and digital clocks 
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Appendix AR 
G2 participants’ recording sheet work sample of quarter past times 
transferred from constructed analogue and digital clocks 
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Appendix AS 
G1 participants’ recording sheet work sample of quarter to times 
transferred from constructed analogue and digital clocks 
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Appendix AT 
G2 participants’ recording sheet work sample of quarter to times 
transferred from constructed analogue and digital clocks 
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Appendix AU 
Transcribed excerpts from assessment activity sessions and one-to-one 
semi-structured interview for Hayden 
Session 1 
H With an analogue clock you kinda’ have to know you five times tables. 
R And what is the reason for needing to know your five times tables? 
H Because on the clock goes around in fives. 
 
HC But if I’m wanting to show half past eight on the digital clock, how will I do that?  
H Eight thirty. 
HC And how did you know it’s got to be eight thirty because I said half past. I didn’t say eight 
 thirty, I said half past. 
H Because the six represents thirty …and it’s half way. 
Session 3 
HC Tell me the first time that you’ve got there. 
H Twelve fifteen. 
HC Great and so how did you work out how to show that on the analogue clock? 
H Cause I knew that it the little hand goes on the twelve and that’s twelve and then the big 
 hand can go on the three and then that’s twelve fifteen. 
HC Twelve fifteen. And how about the digital clock how did you know how to represent the time 
 on the digital clock? What strategies did you use for the numbers in there for the digital 
 clock? 
H Well, I figured I figured that its twelve fifteen and that the twelve goes there and the fifteen 
 goes there. 
Session 4 
H One hour is right around the clock and if you’re on the six which is half of twelve, and an 
 hour is sixty minutes then half an hour is thirty. 
 
HC O.K. so what time are you doing Hayden? 
H Nine forty-five 
HC And so tell me what your steps were to show the times on the clocks. 
H Well, I worked out that quarter to was fifteen minutes until, until next hour. 
HC O.K. And how did you do that on the digital clock then? 
H I counted in five. 
HC On the digital clock? 
H I counted in fives and worked out that quarter to was nine forty-five. 
HC O.K. so you had to think of the analogue clock and then mm, show it to the digital? 
H Yeah. 
 
H I’m good at time but when I, when I haven’t done it for a while I take a little bit but then 
 when I really get into it, it’s, it’s done in under a minute! 
Session 4 - reflection 
HC Tell me something that you had to think about today when you were telling the time 
H I had to think, more about, quarter to. 
HC You had some good strategies for that. What strategies were they? 
H Just to count in fives until I got to 45. 
Interview 
H I counted, I counted backwards from sixty in fives and worked out that it was forty-five 
 and, and the, then I put the hands on nine forty-five because that was my time and I put nine-
 forty five on the digital clock.  
HC How did you think fractionally? What was your thinking? 
H I thought, well, it’s quarter to, so, I worked out that there was four quarters in the clock and 
if it was quarter to then, then from the one to the three would be the first quarter, then three to 
six would be the second, and then the third quarter would be six to nine, and then, and then I 
started counting backwards in fives from the sixty which is the twelve.  
 
H I’m using my fractions to help me figure out the quarter past and quarter to so I don’t get 
 mixed up, and I’m thinking of the first quarter, which is twelve to three but we need one so 
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 I put one for the little hand which is the hour hand and the big one on the three which is 
 the minute hand. 
 
HC How often do you look at a clock to tell the time in a day? 
H Usually about, five or six times a day. 
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Appendix AV 
Transcribed excerpts from assessment activity sessions and one-to-one 
semi-structured interview for Emmerson 
Session 1 
HC What knowledge do you need to have if you think about the clocks? 
E you need to know like halves, like of when it goes half, you need to know 
 like is it ten thirty, like that.  
 
E  The o’clock is sixty minutes and sixty seconds and the five is only one minute and the two is 
 actually two minutes. The six is thirty minutes. 
 
E And those little things are the minutes [pointing to the tick marks on the analogue clock]. 
HC What does this do? [Researcher pointed to the colon on the digital clock]. 
E That’s like so meaning, it like… It means ‘cause it’s not together? 
Session 1 - reflection 
HC Can you tell you something that you really thought about for telling the time today? 
E I more understanded about the thirty, like when it’s like three thirty when it is something like 
that. 
HC And how did that become better for you to understand?  
E Cause, cause when I keep when I was doing this I had to look at it and I had  
HC To put it on three thirty, like that. 
Session 2 
E  You need to know like halves, like of when it goes half, you need to know like is it ten thirty, 
like that. 
Session 3 - reflection 
HC One thing that you had to think about in showing this time today. 
E I thought about where the small hand and the big hand goes. 
Session 4 
HC Aright, what’s your time? 
E Nine forty-five. 
HC Nine forty-five. And what was your thinking for showing that time on the clock? 
E Mm. 
HC So how did you work out to be able to show quarter to on the analogue clock? How did you, 
what  were your steps for working out, to show that time? 
E  I (counted in five minutes). 
HC Yep, great. And so how do you know quarter to, how many minutes?  
E Well I know it’s about forty-five, minutes? 
HC O.K. great, excellent and what about the digital clock? 
E Mm. 
HC How did you know to put the number there and that number there? 
E (cause I knew the hours and the minutes?). 
HC So which clock did you do first? The analogue clock or the digital clock? 
E Digital. 
Interview 
E So half past nine would be, so the little one on the nine and the big one on, near the four? 
HC For half past nine? 
E So like a little bit past there, near the five. 
HC Ok. And on the digital clock? 
E I would show, the half past is forty-five, right? 
HC How many minutes does half mean? 
E Half is thirty. 
HC Yep. 
E And past will be the five? 
 
E  This one’s eight forty-five. When this one you put it, you have to count it up and you put it 
at the right spot and the, the small one in the eight to make sure it’s the right number. 
HC So when you are counting up to put it in the right spot, how do you know when the right spot 
is? 
E By a, like counting each box and then like, and then the numbers help you. 
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HC Ok so you were counting each individual tick mark? 
E Yeah. 
 
E And the big one has to go to the six. 
HC And why does the big one have to go to the six?  
E To make it thirty. 
 
HC Can you read that time for me? 
E Quarter past one.  
HC Great, could you show that for me? 
E So the quarter would be, so the small one will go to the one, and the quarter would be 
twenty? 
HC Ok, and how did you work out that a quarter is twenty?  
E Because the half, because the, the one I did before was the half, so and the half is the thirty 
 and so this one must be the twenty. 
HC How many times do you think you would look at a clock in a day?  
E I usually would think, probably about four? Or five times… Just to know what the time is, 
 like to check if you’ve got to do something, like if you have to go to school you have to 
 check what time it is, to make sure you’re there on time. Probably more, I usually look at it 
 more because I, I like to look at it, I usually practise the times on my iPad. 
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Appendix AW 
Transcribed excerpts from assessment activity sessions and one-to-one 
semi-structured interview for Waverly 
Session 1 
HC What knowledge do you need to have if you think about the clocks? 
W  How many minutes past that number. 
 
HC If we say it is half past one, how do I know what time it is? How do I work it out? 
W Because the twelve, so that means mid-day and then it slightly goes to the um, left and it’s 
 like one  o’clock then it’s the afternoon, then if it’s like none o’clock then its morning? 
Session 1 - reflection 
HC Can you tell you something that you really thought about for telling the time today? 
W Bout the minutes and the quarter past and half past. 
Session 2 
HC So when you were working out how to show the time on your clocks what knowledge did 
you have to think about when you were showing the time on the analogue clock? 
W Where the half past is and the quarter past and the quarter to. 
HC Great, so how did you work out where the half past was, what strategies did you use? 
W Half past, so I looked at a clock and there was a twelve there and then there was three and 
then a nine 
HC Yep.  
W Yeah, so that showed me where half past is. 
 
HC You’re doing all half past times? 
W Yes. 
HC So you’re moving the hands on your clock to show half past nine. 
W Yes. 
HC And you’re getting 
W Then numbers and putting them on the digital clock 
HC So how do you know what numbers to use on your digital clock? 
W Mm.  
HC To show half past nine. 
W I could just quickly make a 
R Could you just use these ones here? 
W Fifteen, I have to make a 
HC Number, ok. So you’re doing half past nine? 
W Yes. 
 
HC What time are you showing? 
W Twelve o’clock 
HC Remember you’re doing half past times. 
W Yep. 
HC Yep. Half past twelve. O.K. ready and you’ve got the half past twelve on your analogue 
clock? 
W [nods]. 
 
HC What time are you showing? 
W Half past four. 
 
HC What time is he going for a dive? 
W Four o’clock, half past four. 
Session 2 - reflection 
HC So when you were working out your, how to show the time on your clocks what  knowledge 
 did you  have to think about when you were showing the time on the analogue clock? 
W Where the half past is and the quarter past and the quarter to. 
HC Great, so how did you work out where the half past was, what strategies did you  use? 
W Half past, so I looked at a clock and there was a twelve there and then there was  three and 
 then a nine. 
HC Yep.  
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W Yeah, so that showed me where half past is.  
HC So did you use the numbers to work out where to put your hands?  
W Yes. 
Session 3 
HC So what strategy are you using to work out where your minute hand is going to go? 
W So here’s my hour hand, so five, ten, fifteen. 
HC So you did the counting by fivess. 
W [nodded yes]. 
Session 3 - reflection 
HC One thing that you had to think about in showing this time today. 
W Mm. Like what she said, where the minute hand goes. 
Session 4 
HC O.K. [W], what time are you showing? 
W Eight forty-five 
HC And tell me your thinking for showing that time on the clock. 
W So the big hand goes on the eight. And then count to, count in fives all the way round until 
you get to forty-five and yeah. 
HC Excellent, and what about the digital clock? 
W Mm, cause I know that, I know that the hour hand is eight, like the left and I know the 
minutes go on the right. 
HC So which clock do you work out first? Do you work out on the analogue clock or the digital 
 clock when you’re showing those times?  
W Analogue. 
Session 4 - reflection 
HC What was some thinking you had to do today when you were showing the times on the 
clock? 
W Mm counting on fives… 
W I think, I think maybe times tables help as well. 
HC Ah, ok and how do they help? Explain that to me. 
W Cause its doubling in, the fives times tables doubling in groups of. 
Interview 
W Cause I know the big hand goes on the one cause it’s hours, and then the minute hand 
goes,  cause five, ten, fifteen, yeah, fifteen here. 
HC Quarter to six, Can you show that on your clocks for me? 
W [turned the clock hands on the analogue clock and positioned numerals on the digital clock].  
HC Ok, tell me your thinking while you were working that out.  
W Cause I know a quarter is half half; quarter of the way. 
HC Aha. 
W And then six hours. 
W When lunch break is. When school starts and like, if you like, if you’re having a party or 
 something and you need to be back from the supermarket, you’d look at the time. 
W Yeah by showing, bout, like a piece, of pizza? Cause you know its quarter or a half of pizza 
 and that’s and there’s a full and then there’s a half there. Bout’ quarter to, bout like, like 
 Pacman, basically like that. 
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Appendix AX 
Transcribed excerpts from assessment activity sessions and one-to-one semi-
structured interview for Darcy 
 
Session 1 
HC What knowledge and skills that you have to have to tell the time? 
D  Am, that the big hand is… that the small hand is always the one that gonna’ be o’clock. 
HC Hour hand & minute hand. So which one is the hour hand? 
D The big hand. 
 
HC What does the thirty minutes mean? 
D Mm, five times six. 
Session 1 - reflection 
HC Something that you found that was interesting, that you would like to share with the group. 
D I liked doing the sheet. 
Session 3 
HC So tell me your time (D) 
D Two fifteen 
HC Great, and tell me how you worked out that time 
D So I know this is quarter? 
HC Great 
D And … 
HC Quarter of what? 
D Quarter of fifteen? 
HC Yeah, fifteen is a quarter of what? 
D Fifteen is a quarter of ten minutes 
HC Great, excellent and so then how did you know to show it on your digital 
D Cause two fifteen says five, ten, wait and the little one has to be two. And then five ten, 
 fifteen is two fifteen. 
 
D Can twelve fifteen be a quarter past time? 
HC Yes 
Session 3 - reflection 
HC Something about time today that you had to think about today. 
D That I know that three is a quarter and you have to go around to the three and that’s quarter 
past. 
Session 4 
HC And what time are you showing? 
D Six forty-five. 
HC And so how did you know, what steps did you use to show your thinking on the clock? 
D (counted in tens) 
HC O.K. so what about, so is that time on your analogue clock and that time on your digital clock 
 the same time? 
D I think that’s wrong, I think that is supposed to be there (changed number symbol for the 
 hour on  digital clock). Six forty-five. 
HC Six forty-five. And so how did you work out where the minute hand and the hour hand have 
 to go? 
D Because the minute hand goes where the six is and the hour hand goes where the nine is. 
HC O.K.. And so what does the nine mean though? On the clock, when you’re using the minute 
 hand? 
D That every hour that it goes, aw, that every minute that it goes to the mm, goes to the nine?  
Session 4 - reflection 
HC Tell me something that you had to think about today when you were telling the time 
D To count in fives… and the minute hand and the hour hand. 
Interview 
D Half past nine. So the half past which is six, which is thirty, so that’s half of the clock. And 
 the nine  is .mm you put .mm the minute hand on the nine and then that’s the hour. 
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D The minute hand has to be on the ten because five, ten fifteen, thirty, six is the thirty and 
 three, nine and twelve is the important numbers. 
 
D Seven forty-five. Seven forty-five you have to, put the hour hand on the seven and the nine 
 because, forty-five [pause] forty-five is the nine so the numbers you have to kinda get on is 
 the three, twelve, nine and six because they’re all the minute hands  and that’s what the 
 minute hand is. 
 
D Quarter is the three and six is the past which is thirty and fifteen minutes. 
 
HC How about this time that you made in the lessons? 
D Two fifteen. 
HC Great, tell me about that. How did you work it out on the two clocks? 
D I worked out by so put the hour hand, which is the little one on the two because one and 
two makes two, obviously and five, one, one is the five, two is the ten and three is the 
fifteen so fifteen is two fifteen. So you add the hour hand to the minute hand and that makes 
two fifteen. 
 
D Quarter to six. So the hour, the minute hand has to be on the, three because .mm because it 
has to, cause quarter is the three which is fifteen and the six has to be, the hour hand has to 
be on the six because it’s lower than the minute hand, so the minute hand is faster than the 
hour hand. 
 
HC How about this time? 
D Five forty-five. 
 
D Three times. In the afternoon; when it’s almost lunch time and when my rugby union starts. 
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Appendix AY 
Transcribed excerpts from assessment activity sessions and one-to-one 
semi-structured interview for Finlay 
Session 1 
HC What knowledge and skills that you have to have to tell the time? 
F The numbers on the clock go twelve, three, six and nine. 
HC And what does that mean? Why do we pick those numbers out, especially? 
F Especially do, know, because they start with the numbers? 
Session 1 - reflection 
HC Something that you found that was interesting, that you would like to share with the group. 
F I liked it how we made ah, this clock and how we made a digital clock. 
Session 2 
HC So your next quarter past time will be? 
F Quarter past, five? 
HC O.K. 
F So that’s fifteen plus five? 
Session 3 
HC  Tell me this time that you have here. 
F Ten forty-five. 
HC Great, and how did you know how to show that time on the analogue clock? 
F Because if I count in fives. 
HC Uhum. 
F It’s another way to work out. 
HC And what hands have you put at what numbers? 
F The big hand at the ten and the small hand at the nine. 
HC O.K. what is the big hand showing or telling us? 
F Hour hand? 
HC And what’s the small hand? 
F The minute hand? 
HC O.K. great and what about the digital clock here how did you know to show the time like that 
 on the digital clock? 
F Mm, cause it says it there. 
HC Yep. 
F So I know that it should go there. 
 
Session 3 - reflection 
HC What was something about time today that you had to think about? 
F That I love quarter to, cause it’s really fun!  
HC What makes it fun? 
F Mm. 
HC What is it that you thought is really fun… 
F Cause eight forty-five is my favourite time. 
HC Oh, ok so eight forty five is your favourite number? 
F I thought doing quarter past was really fun because I got to (pause), I (pause) got to try 
 something new. 
 
F I thought doing quarter past was really fun because I got to, I got to try something new. 
Session 4 
HC So what time did you do? 
F Fifteen minutes past one 
HC Fifteen minutes past one. And how did you, what steps did you use to show the time on the 
 analogue clock and the digital clock? 
F mm, cause I knew that it said fifteen mm, there ((pointed)) so I just put, cause I know that 
 three, I  counted in fives. Five, ten, fifteen and I know that’s fifteen. 
R Yep 
F And then, one, I just put it on one 
HC The hour? 
F Yeah. 
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Session 4 - reflection 
HC So what was something you needed to think about today, when you were showing your time? 
F I don’t think I needed to think about anything. 
HC You just knew it! What about when you were put the hands on the clock or showing the 
 numbers on the digital?  
F It wasn’t that hard. 
Interview 
P Small hand means the hour and the big hand means minutes. 
 
HC Now I’d like you to take a look at this time for me and tell me your thinking while you’re 
using the clocks. Tell me how you’re working that out. So what’s the time on the? [Finlay 
displays quarter past one on the clocks]. 
F I know that, I know that fractions, that quarter is four?  
HC Ok. 
F And the one, is the minute hand so I just put the small hand on the one. 
HC Uhum. 
F I think it’s the other way round. 
HC And on your digital clock, tell me your thinking on the digital clock. 
F One, the last number and quarter is twenty.  
HC Tell me what this time is. 
F Quarter to six. 
HC Uhum. 
F You need the small hand on the four cause that’s the last one that I did, quarter past one. And 
I put the, yea, na, yea, the big hand on the six. Thirty that’s, six is another way it stands for 
thirty. 
HC Ok and you’ve got the four in the minutes there. 
 
HC What is an easy way for you to show ‘quarter past’ on a clock? 
F Quarter is four, so if it was a, for instance quarter past five, I would put a small hand on the 
 four and a big hand on the five. 
HC Thank you. And an easy way for you to show ‘quarter to’ on a clock? 
F Same way but only put the big hand on the two. 
 
F Two. I would look at it to find out how many minutes away for the bells going to go till play 
time or something. 
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Appendix AZ 
Transcribed excerpts from assessment activity sessions and one-to-one 
semi-structured interview for Farren 
Session 1 
HC What knowledge do you need to have if you think about the clocks? 
F You need to know the time, like if you don’t know what the time is and no one has a watch 
or  something you can always have a look at the time so you remember. 
 
D ̊To know the three is the hour and the other one is the minutes. 
HC So we have to know where the numbers are placed don’t we in order to know which 
 is the hour and which is the minute. Great. What else do we need to know? 
F Mm. 
HC What does this do? [Researcher pointed to the colon on the digital clock]. 
E That’s like so meaning, it like … It means ‘cause it’s not together? 
HC Great it’s kind of like a full stop the colon separates the hours and the minutes for us. 
F Some digital clocks go flash, those digital clocks, every sixty flashes it’s one minute. 
Session 1 - reflection 
HC And, Farren what about you? What did you have to think about? 
F I, I had to think about if it was half past, quarter past or quarter to. 
HC Uhum, and what did you have to think about?  
F I had to think about if it’s correct or something like that. 
HC And how did you work out if it was correct? 
F I counted in fives around the clock. 
Session 2 
HC So [F] you’re moving the hands there on your analogue clock to show? 
F Ten thirty 
HC Ten thirty, so which is the hour hand and which is the minute hand? 
F Rr. 
HC On your clock? 
F That one, the hour hand [point to minute hand] and minute hand [point to hour hand]. 
Session 2 - reflection 
F My strategy would be when you’re counting from one it’s not like one, two, three, four it’s 
 five, ten, fifteen, twenty, twenty-five, thirty. So that’s how you’re going to know if it’s going 
 to be twelve thirty or one thirty or something like that. 
HC I’m really interested in that, how children know that one, when we use the words half past 
 they know it’s the same as one thirty. How do they do that? 
F Because it’s right next to the one thirty and then when it turns, it changes to one  thirty-one. 
Session 4 
HC O.K. [F] tell me what time have you shown on your analogue clock 
F I put eight fifteen, he’s waking up 
HC And tell me your thinking around showing the time on your clocks. 
F I know that, I went mm five, ten, fifteen, I know that the eight is eight 
HC ah, O.K., great and what about on the digital clock? You can’t count in fives so how did you 
 know to  show that time? 
F I got the eight and put it there and I got the fifteen and put it there 
HC O.K. so you used your knowledge from the analogue clock then to show it on the digital? 
F Yep. 
Session 4 - reflection 
HC What was some of the thinking you had to do just on reflecting about the time? 
F That around the clock at each point is five and so I counted in five, that’s five, ten fifteen and 
 fifteen was there. 
HC Yep. 
F And twenty, twenty-five, thirty, thirty-five, forty, forty-five was there  
HC Great 
F And then you, if it was like ten forty-five and the tens right there and then the forty-fives 
 there. 
 
HC How do people then do that when it comes to the digital time, cause you said that you do the 
 digital clock first and you can’t really count in fives on the digital clock.  
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F No you can get the, you can get the numbers and then put them on you would know which 
 one is which cause you can’t have one, two three, four, five, six, seven, eight on the other one 
 but on the first one you can and it’s only fifteen, thirty and forty-five. 
Interview 
F Three or four times. Well, I usually check on my iPod. So if I’m going to go somewhere at a 
certain time or if we’re going somewhere. And so I would know then, say if I didn’t look at 
the time, I would  be able to know, and if I wait, like fifteen minutes, I might be late or 
something. And when we know when it’s going to be lunch time, home time, play time. 
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Appendix BA 
Transcribed excerpts from assessment activity sessions and one-to-one 
semi-structured interview for Pat 
Session 1 
HC What knowledge and skills that you have to have to tell the time? 
P If you want to know how to read the time you could go like on a game, tap out the time and 
 then you will say and then you can try to guess which one is the time. If you only know like 
 the little hand and the big hand. 
HC Uhum. 
P So if the little hand was pointing at the twelve and the big hand was pointing at the six 
 that would be twelve thirty. 
 
HC …what’s important about the numbers? 
P So, you can tell time, and it counts by fives. 
 
P Three o’clock. 
HC So? 
P Big hand at twelve and small hand at three. 
HC Ok, big hand at 12 (demonstrating on a clock) and the small hand at the three, ok, yep, what 
 does the  big hand mean and what does the small hand mean? 
P Small hand means the hour and the big hand means minutes. 
Session 1 - reflection  
HC Tell me about minute and hour. 
P Their cool.  
HC OK anything in particular that you find interesting about them. 
P So, every 60 seconds is one minute and every sixty minutes is one hour. 
 
P I got one more. That we learnt what is a digital clock and a… analogue clock and the small 
 hand is the minute hand and the big hand is the hour hand. Wait isn’t it or is it the little 
 one the  hour hand and then the other one is the hour. 
Session 2 
P Wait, what’s quarter past, wait what’s quarter past fifteen? 
HC quarter past fifteen? How can you work that out? 
P Yeah what is that? 
HC What do you need to think about when you’re working out 
P There’s a zero and a fifteen?  
HC O.K what time in the, eating a nut, what time is Scaredy going to eat a nut? 
P Quarter past fifteen. 
HC Quarter past fifteen. Ok so what is the hour that it’s happening in the morning? 
P Mm. 
HC What are some times in the morning? 
P Right in the middle there? 
HC O.K. so looking at the hands on the clock. Yeah but what time do you, what time do you 
 have breakfast in the morning? 
P I think quarter past, I have it, seven, seven thirty-five. 
HC O.K. so maybe Scaredy squirrel might have it at quarter past seven? 
P Quarter past seven. I don’t know how to do that. 
HC O.K. so what does quarter past mean? When we say quarter past, what are we talking about, 
 hours or  minutes? 
P Minutes? 
HC O.K. minutes. So the quarter past is the minutes and then the seven would be? 
P Hour? 
HC Hour. It’s talking about the hour. 
P So that? 
HC Yeah, yeah, great. So then show that time on the analogue clock. So what do you need to 
 think about when you are drawing it? 
P That’s the hour. 
HC Great, your hour hand. 
P That’s the minutes. 
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HC and how do you know to put the minute hand there? 
P because it’s, it’s counting by fivess. Five, ten, fifteen. 
HC Great. Excellent. O.K. 
 
HC Your times, hang on you have to be doing quarter past. 
P I’m doing ten thirty. 
HC No, You can’t. You’ve got to do all quarter past times. Three quarter past times for me. So 
 change that one.  
P Hey, what do you mean? [time lapse HC busy with other participants] Like ten fif I don’t get 
it. 
Session 3 
HC So tell me your time. 
P My time is ten forty-five. 
HC Ten forty-five, great. And how did you know, what strategies did you use. 
P I used the hour hand and the minute hand? 
HC Great. 
P And I counted by fives, to forty-five. 
HC Great, excellent. 
P  And then I put it on the ten 
HC O.K. and on the digital clock? What strategies did you use to work out how to represent that 
 time? 
P I used this. So I put the ten on first and then the forty-five at the end 
HC O.K. so why did you put the ten there? 
P Because it’s the hour hand? 
HC That’s where the hour times go and,  
P Forty-five is the minutes. 
Session 3 - reflection 
HC Something about time today that you had to think about. 
P That, that I had to get on the quarter to.  
HC O.k. and how did you work out your quarter to? What strategies did you use? 
P Well, the minute hand would be forty-five, and then you can do any hour. 
HC O.k. and how did you know that the forty-five is quarter to? 
P Cause of the minute hand? 
Session 4 
HC So tell me the time that you’ve done. 
P Nine thirty. 
HC And tell me steps that you did to show, to work out that time on the clock. 
P Well, nine, so, nine would be the minute hand, hour hand and the half past would be  
 the minute hand. 
HC Yep, ok and so how did you know where to put it on the digital clock? The numbers? 
P Cause the hour hand has to goes, and you put the, you put the minute hand at the end 
HC O.k. and how did you know that thirty was half past? 
P I don’t know. 
HC You just know it? 
D I know, I know how to explain it. 
HC O.k. How do you explain it? 
D So half past, so what’s the time? So what’s the time? 
HC Half past nine. How do you that on the digital clock the thirty is the same as saying half past? 
F Cause you count is fives.  
D Cause half is the thirty which is six. 
HC How did you know that? 
D And you can write the nine, which is nine thirty? 
HC What were you going to say Farren? 
F I was going to say, what he said. 
HC Uh, ok, you were going to say what he said. Alright. 
H I got one as well. 
HC You got one as well Hayden. 
H I, I worked it out, well I would work it out, by figuring that one hour is right around the clock 
 and if you’re on the six which is half of twelve, and an hour is sixty minutes then half an 
 hour is thirty. 
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Session 4 - reflection 
HC So what were your strategies or what was something that you had to think about today? 
P What’s half past? 
HC And how did you work that out? 
P That half past is 30. 
Interview 
P Quarter past one 
HC Great, so what’s your thinking? 
P I’ll put the one there and probably a five. So it would be five, wait, yeah five one. 
HC Ok, alright so let’s find a five and a one, so why did you choose the five and where are you 
going to put it? 
P I will, I’ll put the five, I’m choosing the five cause I was counting by ones, one, like one, like 
even and odds.  
HC Ok. 
P So the one, or so the five went nine and? 
HC And so now on the digital clock where are you putting the five? 
P At the hour hand 
HC And?  
P And a one at the minute 
HC Ok, great, and so what time was that? 
P It was five-O-one. 
 
P Quarter to six? 
HC Quarter to six. 
P So I need a ten and a six, so put the six there so this would go.  
HC So tell me about how you put the hands there. 
P How I put my hands? 
HC On your analogue clock. 
P So how I do the, so the minute hand would be quarter to six, on the six, was the six, and I 
was doing the odd and even, so I choose ten. 
HC Ok. 
P Cause in the six is ten, eight, wait six, eight, ten…twelve. 
HC Ok, and then for your digital clock why are you choosing those numbers? 
P Because I got to put the six in the minute hand and the ten in the hour hand.  
 
HC Ok. What about quarter past? Is there an easy way for you to show ‘quarter past’ on a clock? 
P That quarter is like counting by twos. 
P So I could know what time it is in the morning when I’m going to school. And at home I 
would look at it, in the morning, and, [pause] in the evening, so I can know when, like when I 
can know when, what time my netball ended. 
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Appendix BB 
Transcribed excerpts from assessment activity sessions and one-to-one 
semi-structured interview for Dakota 
Session 1 
D Amm, you need to know how to count in fives. 
HC And what’s the reason for needing to know how to count in fives? 
D Well, well the, the minute hand five, ten, fifteen twenty. 
 
HC How do we use an analogue clock to show the time? 
D Well we do like this, we move the hands. 
W They have an hour hand and a minute hand. 
D This is the hour hand [pointed to hour hand] and the minute hand [pointed to minute 
 hand]. I  used to think that that was the hour hand [pointed to minute hand].  
HC Did you?  
D Mm. 
HC How did you work it out? How did you get it right? 
D I, my Mum and Dad showed me. 
HC  So the minute hand is this hand and the hour hand is that hand. What about, what do these 
 mean? (point to numbers) 
D It means the hours. 
 
HC Let’s talk about the digital clock… 
D ̊To know the three is the hour and the other one is the minutes. 
HC So we have to know where the numbers are placed don’t we in order to know which is the 
 hour and which is the minute?  
Session 1 - reflection 
HC Can you tell you something that you really thought about for telling the time today? 
D I really needed to think about the 5, 10, 45 and 15. Where it goes in 5’s. 
Session 2 
HC What half past times are you thinking of? 
D I might do eleven thirty to look up. 
HC Great, eleven thirty.  
D Yeah, I’m going to do eleven thirty to look up the book yeah.  
HC And how are you going to show eleven thirty on your two clocks? 
D I’m going to put this on the eleven and just this one to the. 
HC And just change the numbers on the clock. 
 
HC So everyone is doing half past times? 
D I’m doing eight thirty. 
Session 3 
D Where is the fifteen on the clock? 
HC O.K. so what strategies can you use to help you work out where the fifteen is on the analogue 
 clock? 
D Count to fives? 
HC Great you can count by fives. So how are you going to, where are you going to start 
 counting? 
D Here? 
HC O.k so go through and do it for me. 
D Five, ten, fifteen, twenty, twenty-five, thirty-five. Oh. Five, ten, fifteen, I can’t. 
HC O.K. so you start from the twelve and you go five, remember that’s five minutes, ten 
 minutes, fifteen. So what hand are you going to have pointing at the fifteen minutes past? 
D Don’t you start at the one? 
 
HC So tell me what time you’re showing on the analogue and digital clocks. 
D Eight fifteen. Watch out for sharks. 
HC Eight fifteen. Watch out for sharks. How did you know to, you asked me about the clock and 
how did you know how to show that time on the digital clock? 
D Because .mm you just have the eight and add fifteen.  
HC O.k. great 
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D You write it the way you say it. 
HC Ah. 
D That’s how I remember how to do it. 
HC O.K. great, excellent. But what about if someone says it’s quarter past eight. How do you 
 show it on the digital clock if they say it’s quarter past eight? 
D Quarter past means it is, for example you think about these kind of clocks and think about 
 that that is quarter past is kinda like quå 
HC Yes. 
D It’s like another half. 
Session 3 - reflection 
HC One thing that you had to think about in showing this time today. 
D I had to think about for the fifteen, you had to know how to count in fives. 
Session 4 
HC Tell me your time. 
D My one is eight forty-five, wake up. 
HC Great, and so how did you work out how to show, what were your steps for showing the time 
 on the analogue clock? 
D I counted in fives, by five, ten, fifteen, twenty, twenty-five, thirty, thirty-five, fifty, fifty-
 five. 
HC O.K. great and then how did you show that time on the digital clock? How did you know 
 how to show it on the digital clock? 
D Well it’s pretty easy, it’s exactly the same as the word but you do it in numbers. 
HC Great, excellent. But when you use the word quarter to, that doesn’t tell us numbers does it, 
 so how so did you know to show those numbers for quarter to? 
D Cause in quarter to it’s kinda like in quarter? 
HC O.K., yeah. And what does that mean for time? 
D Like three you know where it is if it’s in quarter to because (it is in that section). 
Session 4 - reflection 
HC What was something you had to think about today when you were showing your times? 
D I had to think about the five times table and to know what the forty-five would be where the 
 forty-five was. 
Interview 
D Quarter past is like, is you divide it in four, like a quarter as in fractions. 
 
D Quarter past one… We need to think of our fractions because we need our fractions for the 
time. And I show a quarter which you divide it like that, in four. 
D I only usually look at the clock when I need to, like going to school. And when break time is 
going to happen. I look to the clock in class to see when its, how long to home, home time. 
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Appendix BC 
Transcribed excerpts from assessment activity sessions and one-to-one 
semi-structured interview for Blake 
Session 3 
HC So what time are you showing on your analogue clock? 
B Ten. 
HC Half past ten, great. So show that on your digital clock. And tell me how you knew to show 
those  times. 
B Because I know when I when it’s at the one it’s five past because you count in fives. 
HC Yes. So you got the minute hand? 
B Yes. 
HC And you worked out by counting in fives? 
B Yes. 
HC Where half past was? 
B Yes. 
HC And how about the digital clock how did you work out half past? 
B Not sure. 
HC How did you know to put those numbers there and that number there? 
B Because. 
HC What was your thinking?  
B Not sure. 
HC You just knew to do that time. 
B Yes. 
Session 3 - reflection 
HC One thing that you had to think about in showing this time today. 
B I had to think about, like the half past where the big hand and the small hand goes. 
Session 4 
HC That was good, I liked the way you mm sorted out the hands on your clock. You did it one 
 way and then you checked. O.K. so tell me you’re thinking when you were making that 
 change. 
B Mm. 
HC What did you need to know? 
B That I needed to know that I put the big hand at the three and the little hand at the twelve. 
HC So what does the big hand help us know about? 
B Not sure 
HC What about the little hand? What’s it pointing to? 
B  Twelve. 
HC And what is the twelve, on the clock? 
B Mm. 
HC So what’s the time that you’re showing me? 
B Twelve fifteen? 
HC Twelve fifteen great. So how does that help on the analogue clock? 
B Not quite sure. 
HC Not sure. You just knew how to show the time on the clock? 
B Yeah. 
HC What about the digital clock? How did you know where to put the numbers? 
B  Not sure. 
HC Not sure? And how did you know to use those numbers? So why did you chose that number 
 and why did you choose that numbers? 
B I don’t know. 
 
HC Alright, (B) what’s your time? 
B Three forty-five. 
HC How did you, this is a new time that you are showing. How did you work it out on the  
analogue clock? 
B Three forty-five. 
HC So what are you doing there? What did you just do? 
B I know that mm, from here when you count, like five, ten, fifteen, twenty, twenty-five, thirty, 
 thirty-five, forty, forty-five. 
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HC Great. 
B It’s at the nine 
HC O.K and what about the digital clock, who did you know where to put the numbers? How did 
 you know to put forty-five there and the three there? 
B Because I know that, mm the three is smaller than the forty-five so you put the three first 
 and then the forty-five there? 
Session 4 - reflection 
HC What were you thinking about today, when you were showing those two different times?  
B I had to think about where the fifteen and the .mm forty-five was. 
HC And how did you work that out?  
B By counting in fives, like five, ten, fifteen, twenty and twenty-five, thirty, thirty-five, forty, 
 forty-five, fifty, like it’s just like a five times table. 
Interview 
HC And how did you work out how to show the time on the analogue and digital clock? 
B Because I know how to count in fives, like five, ten, fifteen, twenty, twenty-five, thirty. 
HC Great.  
B And the big hand has to be at the ten and the small hand has to be at the six. 
HC And what does the big and the small hand mean? 
B Not quite sure. 
 
B When the big hand is on the analogue clock is on the ten, so you put the ten first, then the 
six you can put ten-O-six or ten thirty. 
HC Ten thirty, great and what does thirty mean?  
B Six. 
 
B Well, I know that on the three it’s fifteen and count in fives, five, ten, fifteen and you put the, 
you put the, fifteen at, mm.  
HC on the digital. 
B Yes. And you put the twelve on the other side. 
HC of the digital clock. So again you look at the analogue clock to help you do the digital time. 
 
B Well, half past nine. Because I know when you, .m go around like the, 
HC The clock face? 
B Yes, so you can go like five, ten, fifteen, twenty, twenty-five, twenty-five, thirty, thirty-
five, forty, forty-five. 
HC Yes. 
B And then I know the six represents the thirty because I know how to count in my fifteen 
 times table? 
HC Ok. 
B Fifteen, thirty, forty-five, sixty. 
 
B Because, I know that the three is fifteen and the one is just five so you have to first put the 
 big hand at the three and then the little hand at the one. 
 
B Quarter to six. 
HC Great so what made you decide to write those numbers in that spot? 
B Because I know that first you have to put the nine at the, then O-six.  
HC So what’s the nine? Is that cause it’s quarter to six? 
B Yep. 
HC So you’re thinking nine, a quarter that way? So how did you know to put those hands there? 
B Because I know that when you put the big hand at six, it’s O-six and the nine is just a little 
 bit like  away, the little hand is away from the nine just a little bit, but still at the nine. 
B Three or four. Like, when I get to play on my PlayStation. On my iPad. I can go  outside and 
 play for a little bit, come back in watch a movie on my PlayStation, and other stuff. 
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Appendix BD 
Transcribed excerpts reporting participant knowledge of the flexibility of 
the value of the numerals on the analogue clock from assessment activity 
sessions or one-to-one  semi-structured interview for Hayden, Emmerson, 
Waverly, Darcy, Finlay, Farren, Pat, Dakota and Blake 
Hayden stated: 
 
 I thought, well, it’s quarter to, so, I worked out that there was four quarters in the clock and if 
 it was quarter to then, then from the one to the three would be the first quarter, then three to 
 six would be the  second, and then the third quarter would be six to nine, and then, and then I 
 started counting backwards in fives from the sixty which is the twelve. (Interview, Hayden) 
 
Emmerson stated: 
 
E Well you know the small one has to go to the ten, .mm no the small one has to go to, the ten? 
R Yes. 
E And the big one has to go to the six. 
R And why does the big one have to go to the six?  
E To make it thirty. (Interview, Emmerson) 
 
Waverly stated: 
 
 cause I know the big hand goes on the one cause it’s hours, and then the minute hand goes, 
 cause five, ten, fifteen, yeah, fifteen here. (Interview, Waverly) 
 
Darcy stated: 
 
 I worked out by so put the hour hand, which is the little one on the two because one and two 
 makes two, obviously and five, one, one is the five, two is the ten and three is the fifteen 
 so fifteen is two fifteen. So you add the hour hand to the minute hand and that makes two 
 fifteen. (Interview, Darcy) 
 
Finlay stated: 
 
 You need the small hand on the four cause that’s the last one that I did, quarter past one. And 
 I put the, yea, na, yea, the big hand on the six. Thirty that’s, six is another way it stands for 
 thirty. (Interview,Finlay) 
 
Farren stated: 
 
 My strategy would be when you’re counting from one it’s not like one, two, three, four it’s 
 five, ten, fifteen, twenty, twenty-five, thirty. So that’s how you’re going to know if it’s 
 going to be twelve thirty or one thirty or something like that. (G2 Session 2, Farren) 
 
Pat stated: 
 
 So if the little hand was pointing at the twelve and the big hand was pointing at the six 
 that would be twelve thirty. (G1 Session 1, Pat) 
 
Dakota stated: 
 
HC And what’s the reason for needing to know how to count in fives? 
D  Well, well the, the minute hand five, ten, fifteen twenty. (G2 Session 1, Dakota) 
 
Blake stated: 
 
B And then I know the six represents the thirty because I know how to count in my fifteen 
 times table? 
HC Ok. 
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B Fifteen, thirty, forty-five, sixty. 
 
B Because, I know that the three is fifteen and the one is just five so you have to first put the 
 big hand at the three and then the little hand at the one. 
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Appendix BE 
Transcribed excerpts reporting participant clock representation 
preference from one-to-one semi-structured interview for Hayden, 
Emmerson, Waverly, Darcy, Finlay, Farren, Pat, Dakota and Blake 
Hayden stated: 
  The digital clock is easier but I like the analogue clock so I have a better understanding. 
  
 Emmerson stated: 
 The digital clock, cause it says it.  
Waverly stated: 
W Both. 
HC Both, ok great, so what makes them useful? What makes the analogue clock useful? 
W Cause you can tell, like you can like count in fives and you know where the, like when parts 
of the day is? 
HC Yep. 
W And the numbers help for the hours as well. 
HC Great, and what about the digital clock? 
W You can tell it straight up, you don’t have to think.  
Darcy stated: 
 The digital clock because it makes you learn more.  
Finlay stated: 
 The analogue clock counts in fives and I love counting in fives. So that’s easy.   
Farren stated: 
 Digital clock. Analogue clock, you don’t really know which, what the time is. I like using 
 the one with the numbers.  
Pat stated: 
 This one [pointed to digital clock] because like, you have to, you have to put the numbers on 
 and on this one you got to tell it.  
Dakota stated: 
I think the digital clock is more useful because you just have to look at it and say it when 
 people ask you.    
Blake stated:   
B Both 
HC You like both? Ok, so what’s useful about the digital clock l? 
B That it’s sometimes good to help you, when you don’t know the time, like if you don’t, if 
 you’re in a classroom and you and there’s no clock there, say if you’re wearing a watch and 
 you can just look at the time. 
HC Ok, and why is the analogue clock useful? What makes it useful, to use? 
B Because whenever you, don’t know the time or the right time, right now or on your phone it 
 says the  wrong time or like in twenty four hour, you can look at the analogue clock.  
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Appendix BF 
Transcribed excerpts reporting clock usage in real world context from 
one-to-one semi-structured interview for Hayden, Emmerson, Waverly, 
Darcy, Finlay, Farren, Pat, Dakota and Blake 
Hayden stated: 
 Maybe every hour or so….usually about, five or six times a day.  
Emmerson stated:  
 I usually would think, probably about four? Or five times. Just to know what the time is, 
 like to check if  you’ve got to do something, like if you have to go to school you have to 
 check what time it is, to make sure you’re there on time. Probably more, I usually look at it 
 more because I, I like to look at it, I usually practise the times on my iPad.  
Waverly stated:  
 When lunch break is. When school starts and like, if you like, if you’re having a party or 
 something and you need to be back from the supermarket, you’d look at the time.  
Darcy stated:  
Three times. In the afternoon; when it’s almost lunch time and when my rugby union starts.  
Finlay stated: 
  Two. I would look at it to find out how many minutes away for the bells going to go till play 
 time or something 
Farren stated: 
Three or four times. Well, I usually check on my iPod. So if I’m going to go somewhere at 
 a certain time or if we’re going somewhere. And so I would know then, say if I didn’t look at 
 the time, I would  be able to know, and if I wait, like fifteen minutes, I might be late or 
 something. And when we know when it’s going to be lunch time, home time, play time.  
Pat stated:  
So I could know what time it is in the morning when I’m going to school. And at home I 
 would look at it, in the morning, and, in the evening, so I can know when, like when I can 
 know when, what time my netball ended.  
Dakota stated:  
 I only usually look at the clock when I need to, like going to school. And when break time 
 is going to happen. I look to the clock in class to see when its, how long to home, home 
 time.  
Blake stated:  
 Three or four. Like, when I get to play on my PlayStation. On my iPad. I can go outside and 
 play for a little bit, come back in watch a movie on my PlayStation, and other stuff. 
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Appendix BG 
Parent/carer Information Letter 
Dear Parent/carer, 
 
My name is Heidi Clauscen from Kelvin Grove, QUT and I’m doing a Masters of 
Education (Research) into telling the time with Year 4 students.   
 
If you’d like your child to help me in this study, I’m looking for 10 males and females 
between the ages of 9 and 10 in Year 4 to participate in four (45 minute) audio-
recorded, activity based, time telling lessons and one audio-recorded, one-on-one 
interview (15-30 minutes) with questions based on the work done in these lessons. 
These activities will occur at the school site, during school hours. Permission will also 
be requested to collect archival records (such as assessment results and personal work 
samples) of the 10 students for further analysis. 
 
Please view the attached Parent/carer Information Sheet and Consent Forms for further 
details on the study.  
 
An information presentation will also be held at the School Library on the Wednesday 
22nd July, 2015 at 9 am. Your attendance is voluntary. If you are unable to attend the 
information presentation and have any questions, please contact me via email or leave 
your contact details with the class teacher and I will contact you directly.   
 
Please return the PARENT/CARER CONSENT FORM and the STATEMENT OF 
CHILD CONSENT to your child’s class teacher, should you wish for your child to 
participate in this study. Only 10 participants are required for this study, so the first 10 
students to return their forms will be included. 
 
Please note that this study has been approved by the QUT Human Research Ethics 
Committee (approval number 1500000312) and Research Services Branch, Education 
Queensland. 
 
Many thanks for your consideration of this request. 
Heidi Clauscen        
MED Student         
Email: h.clauscen@hdr.qut.edu.au     
 
Supervisors:  
Suzanne Carrington – Professor Head of School 
Faculty of Education, QUT Kelvin Grove 
Phone:  61 7 3138 3725 
Email:    sx.carrington@qut.edu.au 
 
Dr Andy Yeh - Lecturer 
Faculty of Education, QUT Kelvin Grove 
Phone:  61 7 3138 5556  
Email:    a.yeh@qut.edu.au 
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Appendix BH 
Parent/carer Written Statement of Consent 
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Appendix BI 
Parent/carer Written Formal Confirmation Letter 
Dear Parent/carer, 
 
Thank you for giving your consent for your child to participate in my research on telling the time. 
 
Your child will be participating in four (45 minute) audio-recorded, activity based, time telling lessons 
and one audio-recorded, one-on-one interview (15-30 minutes) with questions based on the work done 
in these lessons. These events will occur at the school, for the next three weeks on Wednesday and 
Friday from 10:00 to 10:45am. I will also be making copies of archival records (such as NAPLAN and 
class assessment results and personal work samples) further analysis, during this time. 
  
If you or your child have any questions, please contact me via email or leave your contact details with 
the class teacher and I will contact you directly.  
 
Your child’s participation in this project is entirely voluntary. To withdraw, either you or your child 
may notify the class teacher that they do not wish to participate anymore. If your child does withdraw, 
on request any identifiable information already obtained from your child will be destroyed. Your 
decision for your child to participate or not participate will in no way impact upon you or your child’s 
current or future relationship with QUT (e.g. application to university). Please note that if your child 
withdraws from this study they will no longer be able to participate in the activity based lessons or 
interview as these events will continue to be audio-recorded. 
 
If your child experiences discomfort or distress they can tell their class teacher, school chaplain or 
guidance officer. Alternatively, QUT provides for limited free psychology, family therapy or 
counselling services (face-to-face only) for research participants of QUT projects who may experience 
discomfort or distress as a result of their participation in the research. Should you wish to access this 
service please contact the Clinic Receptionist at the QUT Psychology and Counselling Clinic, 44 Musk 
Avenue, Kelvin Grove, on 3138 0999 (Monday–Friday only, 9am–5pm). Please indicate to the 
receptionist that your child is a research participant. Alternatively, Lifeline provides access to online, 
phone or face-to-face support. Call 13 11 14 for 24hr telephone crisis support. For young people aged 
between 5 and 25, you can call the Kids Helpline 1800 551 800. 
 
Please note that this study has been approved by the QUT Human Research Ethics Committee (approval 
number xxx). 
 
Many thanks for your support. 
 
Heidi Clauscen      
MED Student       
Email: h.clauscen@hdr.qut.edu.au     
 
Supervisors:  
Suzanne Carrington – Professor Head of School 
Faculty of Education, QUT Kelvin Grove 
Phone:  61 7 3138 3725 
Email:    sx.carrington@qut.edu.au 
 
Dr Andy Yeh - Lecturer 
Faculty of Education, QUT Kelvin Grove 
Phone:  61 7 3138 5556  
Email:    a.yeh@qut.edu.au 
 
